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ABSTRACT 
This thesis reports on research that examines the early stage invasion process of Asparagus 
asparagoides (L.) W. Wight (bridal creeper), primarily a bird-dispersed weed, in a remnant 
vegetation patch. The study site is on Phillip Island, approximately 100 kilometres south east 
of Melbourne, Victoria. Asparagus asparagoides invasion of the remnant vegetation reserve 
is a relatively recent phenomenon. 
Landscape elements that affect bird dispersal and vegetation types that affect seedling 
establishment may be important factors that limit or enhance the spread of A. asparagoides. A 
systematic sampling strategy was adopted and data collected for a variety of landscape and 
vegetative variables including cover and abundance of A. asparagoides and the data were 
presented in a Geographic Information System (GIS). 
Preliminary results show that the distribution of A. asparagoides within a remnant vegetation 
patch is not random. It appears to have entered the reserve from two boundaries, spreading 
toward the centre, which to date remains sparsely colonised despite the capacity of this weed 
to spread rapidly over long distances by birds. A number of other outcomes are noted. 
Asparagus asparagoides establishment is prevented in pasture where sheep and cattle graze, 
and paddocks subjected to tillage practices. The exclusion of grazing in fenced off vegetation 
in pastures demonstrates rapid weed establishment and colonisation several hundred metres 
from main infestation. 
Field observation and visual inspection of temporal progress of invasion (using above ground 
weed density with tuber appearance to infer age) appear to suggest that invasion into remnant 
is associated with the track network. This age/density assumption is strengthened when spatial 
distribution is examined using a data set where low-density values for A. asparagoides are 
removed and compared with a data set using all A. asparagoides density values. The mapping 
of A. asparagoides in fenced off farm remnants suggests that velocity of spread at 191m/yr is 
a considerable underestimate. Subsequent analysis shows that the spatial distribution of A. 
asparagoides is not completely spatially random while intensity surface analysis highlights 
regions of low and high intensity located near track network. Mapping a density surface 
within GIS provided confirmatory evidence for the establishment of satellite clusters along 
the track network. The change in the intensity surface observed using the two data sets (low-
density values and all density values) is also consistent with an expanding invasion occurring 
between two time periods. Spatial point pattern analysis using K-function statistics shows that 
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the clustering observed using GIS appears to be occurring at two scales or distances (130m-
160m and 195m-205m). 
The association between tracks and the invasion process observed in the initial stages of the 
study is examined. There is a change in density as a function of distance from a track where 
the density of A. asparagoides appears to reduce the further away from the track a site is and 
this relationship holds regardless of track width. 
The final stages of the study look at the development of a predictive model. Visual 
exploration of the data through mapping in a GIS and field observation made during data 
collection provide the starting point for the development of logistic models to estimate the 
probability of A. asparagoides presence. Finally the best overall logistic model is applied to a 
second independent site to determine the general applicability of the model. A number of 
variables that impact on the presence of A. asparagoides, particularly during the initial stages 
of the invasion process, are identified. While all the identified variables and the overall model 
are statistically significant, the model is found to correctly predict presence/absence in only 
67% of cases overall. The model however could be expected to correctly predict the presence 
of A. asparagoides in 74% of cases and has a false positive rate of 40%. The model is applied 
at a second independent site and found to have an overall percent correct rate of 80% and 
correctly predicted A. asparagoides presence in 94% of cases. The variables identified as 
influential in the early stage of invasion are relatively easy to acquire by simple field survey 
that does not require specialist skills. When considering the model as a tool for the 
management of remnant vegetation communities, high false positive rates may lead to limited 
resources being spent on searching sites where there is no weed. However, a high false 
negative rate would have a larger impact on the management of the weed since the undetected 
infestations would form sources for new propagules. The model performs well from this point 
of view in that it provided low false negative rates at both sites. 
The value of the predictive model is its ability to provide managers with information 
regarding specific areas to target for weed eradication and management can use the model to 
assess the effectiveness of any control measures by going back to obtain new cover density 
data, then using the model to examine the changes over time. The model also provides a 
starting point for the development of a generic model of A. asparagoides invasion at sites 
outside of Phillip Island and could also provide the starting point for developing models that 
could be used for other bird-dispersed fleshy-fruited weed species. 
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 Cry Havoc and let slip the dogs of war. 
William Shakespeare Julius Caesar (III, i) 
1.1 Environmental change 
The research undertaken in this thesis is part of the Cooperative Research Centre for Weed 
Management Systems (Weeds CRC) Landscape Management program Weed Syndromes 
Task, Bird-dispersed weeds project. The target species, Asparagus asparagoides (L.) W. 
Wight is one of the 20 Weeds of National Significance (WONS) (NWS 1999). It is a fleshy-
fruited bird dispersed weed that is invading remnant vegetation in areas of southern Australia 
(Stansbury and Scott 1999). Although the spatial behaviour of birds may influence the spatial 
pattern and invasion dynamics of A. asparagoides, this aspect is not directly investigated and 
is outside the scope of this thesis. 
A number of animal species are capable of altering their local environment (Low 2001) but 
the global changes taking place in recent times can be directly attributed to the influence of 
one species, Homo sapiens (L.). The expansion of human population is placing large 
pressures on the earths natural resources. All global ecosystems are suffering major 
anthropomorphic pressures from pollution, land clearing and biological invasions (Vitousek et 
al. 1997). The flow-on from this type of ecosystem alteration is a disruption of major 
chemical and geochemical cycles, alteration of the hydrological cycle leading to changes in 
water tables and increasing salinity problems as well as the loss of topsoil from inadequate 
land management techniques (Vitousek et al. 1997). Such changes put added pressures on 
remaining ecosystems to maintain the functioning of the planet as a whole. 
Environmental impacts are generally recognised as a problem that needs to be tackled by all 
levels of human society ranging from governments, both federal and local, through to grass 
roots conservation groups and the general population. This recognition is driven by the direct 
impact that these changes have on society at all levels and, the action that needs to be taken to 
limit the impacts. Thus pollutants in the environment can have major impacts on health and 
well-being, and loss of topsoil and increasing salinity reduce the efficiency of agricultural 
systems and their ability to feed growing populations. The global impact of biological 
invasion, the growing problem of introduced organisms and their invasion into a whole range 
of ecosystems leading to a homogenisation of the worlds flora and fauna, is beginning to 
receive attention (Elton 1958; Enserink 1999; McKinney and Lockwood 1999). The impact of 
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biological invasions has both significant economic as well as environmental costs (Pimentel et 
al. 2001). 
Invasive weeds in Australia have financial, social and environmental costs. Expenditure on 
controlling weeds and the loss in output in agriculture is around AUD$3.9 billion annually 
while the cost of controlling environmental weeds is AUD$100 million (Sinden et al. 2004). 
Losses due to changes in natural ecosystems are difficult to determine accurately. How does 
one place a cost on ecosystem function and biodiversity losses? Similarly what value can be 
placed on the loss of recreational amenities and the intrinsic value of landscapes from a social 
and cultural perspective? Chee (2004) provides an overview of economic techniques used to 
value ecosystems services. For example, multiple criteria analysis of the value of ecosystem 
services provided by the Wet Tropics World Heritage Area in Australia, gave a figure in the 
range AUD$188 to $210 million for 2002 (Curtis 2004). The issues surrounding invasive 
weeds are part of the global phenomenon of environmental change. 
1.2 Invasive species in a fragmented landscape 
The introduction of new organisms either intentionally or accidentally into areas where they 
do not occur naturally (and were unlikely to enter because of barriers to migration and 
dispersal) can result in their ultimate dispersal and spread leading to significant disruption of 
ecosystem function through loss of biodiversity (Vitousek et al. 1987). Whereas the problems 
of pollution and habitat destruction can be mitigated and eventually stopped, the tide of 
biological pollution is more problematic (Elton 1958). Invasive organisms represent a threat 
to biodiversity that is second only to biodiversity loss caused by habitat clearing (Vitousek et 
al. 1996). It is ironic that species can be pushed to extinction by human activity, and yet 
species that invade new ecosystems and become major threats to ecosystem stability and 
function cannot easily be eliminated. 
Due to the increase in human population and the increased resources required to sustain this 
growth, the concept of ecological sustainability and conservation of remnant vegetation 
becomes important as the landscape becomes more fragmented (SEAC 1996). Australia has 
354 Interim Biogeographic Regionalisation for Australia (IBRA) subregions. These 
subregions are distinctive landscapes each with their own characteristic patterns of landforms, 
soils and vegetation (NLWRA 2001b, p1). Much of the native vegetation within the 
subregions is reduced to relic patches that lack viability and are becoming more difficult to 
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manage (NLWRA 2001a). Figure 11 shows the number of vegetation patches in fragmented 
vegetation in the 354 IBRA subregions. 
 
 
Figure 11. Number of vegetation remnants in fragmented vegetation in the IBRA 
subregions. (Source: http://audit.ea.gov.au/anra/vegetation/docs/native_vegetation). 
Maintaining remnant habitats is an integral part of biodiversity conservation since such 
patches may be the only representatives of an areas previous vegetation association or 
ecosystem (NLWRA 2001a). Invasion of such remnants by non-indigenous plant species can 
lead to wholesale changes in the way the ecosystem functions resulting in habitat changes that 
can lead to species extinction (ENRC 1998) and influence the long term viability and 
conservation value of such remnants (Williams 2000). Preventing the influx of invasive plant 
species or predicting their spread becomes a powerful tool in the management of such 
remnants and will help to maximise the effectiveness of limited financial resources. 
However, there are substantial gaps in our knowledge concerning weed distribution in 
Australia. An assessment of Australias native vegetation carried out by the National Land 
and Water Resource Audit (NLWRA) (2001a, p144) reports that: 
There is little readily available information on the distribution of weeds at a scale relevant to 
on-ground management and a lack of association with the native vegetation it may occur in. 
This would be a key indicator of condition and threat to native vegetation. 
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1.3 Invasion success and seed dispersal 
The invasion of new habitats by species that have been deliberately or accidentally introduced 
into areas where they would not normally be present is occurring at a hitherto unmatched rate. 
However, invasion is not a unique phenomenon. Primary and secondary plant succession and 
the recovery and development of a plant community generally occurs in habitats that have 
undergone some widespread disturbance, e.g., a volcanic eruption (Krebs 1994). The research 
in succession contains a large body of knowledge that has applications to the study of 
invasive species and should be exploited (Davis et al. 2001). With the rapid development of a 
global economy, the continual spread of organisms beyond their natural boundaries will 
continue to accelerate. Free trade agreements, reduction in trade barriers, access to goods and 
services via the internet and the drive by horticulture to import new and exotic ornamental 
species all contribute to the invasion process. 
Seed dispersal is the process by which seeds are moved and deposited at some distance from 
the adult plant. Not all seeds dispersed will survive since seed germination and seedling 
survival rates vary considerably for seeds deposited at differing distances from a reproductive 
adult (Cain et al. 2000). Therefore seed dispersal is one facet of a number of factors that make 
up the seed dispersal cycle (Wang and Smith 2002). Figure 12 illustrates processes and 
patterns involved in the seed dispersal cycle. 
 
Figure 12. The seed dispersal cycle. The right side of the cycle (red text) indicates seed 
dispersal while the left half of the cycle (green text) refers to the consequence of dispersal. 
Patterns are shown as boxed text while the processes generating the patterns are given by text 
outside the boxes. Source: (Wang and Smith 2002). 
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The seed dispersal cycle is a complex interaction of a series of biotic and abiotic, intrinsic and 
extrinsic factors. Each process of the seed dispersal cycle will result in a change in the spatial 
distribution at each successive pattern. Seed rain will have a different spatial pattern to that 
expressed by the spatial pattern of seedlings. Not all seedlings will survive so the spatial 
pattern of reproductive adults will be different. All these processes and patterns play a role in 
the invasion process. 
The seed dispersal cycle concept is a useful paradigm from which to investigate aspects of 
biological plant invasions. Once an introduced species has established a viable reproductive 
adult population, an effective dispersal mechanism will allow the establishment of new 
individuals at suitable new sites away from the parent colony. With the dispersal barrier 
crossed, the species becomes invasive. 
Crucial to invasion success are the long distance dispersal (LDD) events that give rise to 
distant populations (Cain et al. 2000). A metapopulation dynamic arises whereby these distant 
populations form new foci for invasion and existing populations are shielded from local 
extinction events through immigration from established satellite populations (Hanski and 
Simberloff 1997). Vertebrate seed dispersal has been used to explain the high rates of 
dispersal by plants after the last Northern Hemisphere glacial retreat via LDD events (Fisher 
1937; Skellam 1951) while studies show that frugivory and seed dispersal play an important 
role in plant dispersal and diversity maintenance (Herrera 1998; Levey et al. 2002). 
Frugivores, in particular avian frugivores play a significant role in the dispersal of fruit-
bearing introduced plant species helping them cross the barrier to become an invasive species. 
This research is aimed at examining aspects of bird-dispersed weeds and their invasion of 
remnant vegetation patches at the spatial scale of habitat. 
1.4 Bird dispersal of Asparagus asparagoides 
Asparagus asparagoides is a member of the Liliaceae family and is native to southern Africa. 
Originally introduced into Australia as a horticultural specimen, it was first recorded 
naturalised in Victoria in 1886 (Parsons and Cuthbertson 2001). The plant is a perennial 
climbing herb, the slender twining stems with glossy green ovate cladodes scramble along the 
ground and climb into shrubs and trees, covering them. The fruit is round (5-10mm in 
diameter), red when ripe and contains up to nine black seeds. After flowering and fruiting, the 
above ground shoots die down in the summer months (Raymond 1999). An extensive mat of 
rhizomes and tubers beneath the soil surface enables the plant to survive the dry summers. 
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This tuber mass leads to changes in soil chemistry and prevents indigenous species from 
germinating (Fox 1984; Raymond 1995). In many instances, A. asparagoides invasion of 
temperate ecosystems in southern Australia results in a dense monoculture that impacts on 
biodiversity (Batchelor and Woodburn 2002). 
While there have been no observed cases of birds dispersing A. asparagoides in southern 
Africa (Stansbury 2001), in Australia, a number of bird species have been observed feeding 
on A. asparagoides berries (Stansbury 1996; Raymond 1999). Dispersal of A. asparagoides 
occurs locally through the growth and extension of the underground tuber mass and to new 
sites through long distance dispersal of seeds primarily by avian frugivores. Dispersal by 
other vertebrates such as foxes (Vulpes vulpes L.) and rabbits (Oryctolagus cuniculus L.) or 
by floating fruits being transported downstream by flood events (hydrochory) and the 
movement of soil containing tubers also occurs but is of secondary importance. However, it is 
the factors operating on short and long distance dispersal of A. asparagoides into suitable new 
habitat that is of interest in this research. 
1.5 Research questions 
Table 1-1 shows how spatial scale determines the dispersal processes being examined. The 
research undertaken in this thesis is at the habitat and landscape scale as defined in Table 1-1 
and seeks to gain insights regarding the invasion of a fleshy-fruited species into a remnant 
vegetation patch through a number of objectives. 
Table 1-1. Definitions of spatial scale and associated dispersal processes Source: (Kollmann 
2000). 
Scale Area Vegetation traits Dispersal process 
Microhabitat 0.01-10(100) m2 Individual plant Seed bank dynamics, 
germination, establishment 
Habitat 10-10000 m2 Plant community Seed rain, seed predation, 
succession 
Landscape 0.01-1000 km2 Community mosaic Genetic population structure, 
species dispersal 
Region >103 km2 Regional vegetation Site-specific distribution, 
phenological patterns 
Biome >104 km2 Biome, floristic 
province 
Climatic limits of distribution, 
phylogenetic history 
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This thesis addresses the broad question what new insights can be gained from the study of 
an active invasion front using both qualitative and quantitative spatial methods? This broad 
question is broken up into a number of specific areas of investigation. 
The initial stage of the research identified landscape and vegetative factors that could 
potentially influence early stage invasion in a remnant vegetation reserve. The second stage 
examined the utility of a Geographic Information System (GIS) in visualising the process of 
invasion and providing an avenue for development of hypotheses. Exploratory visual data 
analysis revealed a pattern in the distribution of A. asparagoides within the remnant 
vegetation reserve. Subsequent statistical analysis quantified this pattern and addressed two 
questions that arose from the apparent pattern. 
The first question asked Do tracks and paths within the remnant vegetation reserve provide a 
conduit for A. asparagoides in the early stages of invasion? The second question asked, Can 
a quantitative spatial approach provide an indirect measure of dispersal distance for A. 
asparagoides within the remnant vegetation reserve? The results of the exploratory and 
statistical analyses confirmed the non-stochastic nature of the invasion process. This then lead 
to development of a model using the variables previously identified as influential during the 
early stage of A. asparagoides invasion. Model validation was then performed using data 
from an independent second site. 
The above research questions were answered by pursuing the main objective of this research: 
Overall Research Objective: to apply available techniques in geomatics and 
spatial statistics to the investigation of invasive plant species. 
The main objective was achieved through a series of five manageable sub-objectives as 
follows: 
Objective 1: determine how A. asparagoides invasion proceeds within a 
remnant vegetation reserve. 
This objective was achieved by collecting data on the density and location of A. asparagoides 
from a recently invaded vegetation reserve and mapping the distribution of A. asparagoides. 
Objective 2: identify the factors that determine where A. asparagoides is found. 
This objective was achieved by constructing an extensive dataset on key vegetative and 
landscape attributes from a systematic survey of a recently invaded vegetation reserve. 
Analysis of this dataset revealed factors that appeared to influence where A. asparagoides is 
found within a habitat. 
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Objective 3: examine the spatial nature of dispersal within a remnant 
vegetation reserve and throughout a landscape. 
This objective was achieved by using spatial statistical methods to indirectly determine long 
distance dispersal instead of using time consuming and laborious seed collection methods. 
Objective 4: development of a presence/absence model. 
This objective was achieved by building a logistic regression model using the factors 
identified for Objective 2. 
Objective 5: determine the general applicability of the developed model. 
This objective was achieved by testing the model developed in Objective 4 at a second 
independent site in order to determine if it is generally applicable. 
1.6 Thesis layout 
This thesis consists of three major sections. The first section, chapter two, is a literature 
review of biological plant invasion. The second section, chapter three, covers the method 
used, summarises the data collected and provides the means of developing hypotheses for 
investigating the invasion of A. asparagoides into remnant vegetation. The final section, 
chapters four to eight, uses the data collected in the field for statistical analysis and model 
development, discusses the findings of the research and the direction of future research. 
1.6.1 Literature review 
The literature review (chapter two) focuses on four main areas to provide the context within 
which this thesis is undertaken. The first section involves a general overview of plant 
invasions. It covers some broad issues relevant to an understanding of plant invasions. It also 
deals with the issue of models of invasion and outlines the basic attributes of two classes of 
invasion models and their relevance to the understanding of the invasion process. 
The second main area covers the question of dispersal of an invading species. Dispersal is a 
key process that provides a means whereby an invading species begins to spread throughout 
the landscape. In line with a key research objective of this thesis, an overview is presented of 
the long distance dispersal of seeds and the role played by vertebrates (birds in particular) in 
the dispersal process. The third section deals with the capability of Geographic Information 
System (GIS) and its application to the problem of invasive species and their spread across 
the landscape. The spatial analysis capability of GIS is used to explore management options 
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for a bird dispersed invasive species. The final section reviews aspects of the history and 
biology of A. asparagoides, the target invasive plant addressed in the research. 
1.6.2 Asparagus asparagoides invasion of remnant vegetation 
Chapter three presents an overview of Phillip Island and the rationale behind its use in the 
research as well as the techniques and equipment used to obtain the data used in the following 
chapters. It covers the Global Positioning System (GPS) equipment used, data collection 
methods and the software used for the conversion of data into the required file format for use 
within the ArcView® 3.2 GIS desktop software. 
Chapter four focuses on the spatial pattern of invasion using the techniques of spatial statistics 
in the analysis of spatial point patterns by addressing the question of the spatial arrangement 
of A. asparagoides within the invaded reserve. Chapter five explores the observation made in 
chapter three that A. asparagoides density appears to be greater along track edges. Chapter six 
investigates the variables that influence the distribution of A. asparagoides using classical 
statistics to address the question of where A. asparagoides occurs and where it is absent. 
1.6.3 Application of the findings 
Chapter seven applies the results obtained from the previous two chapters to a second data set 
that was independently collected during the same period as the current research. This chapter 
seeks to determine if the model and insights obtained are generally applicable i.e., if the 
model is valid at an independent site. 
Chapter eight provides an overview of the findings of this research and the implications for 
the management of A. asparagoides invaded remnant vegetation, bird dispersed weeds in 
general and how proposed wildlife corridors linking remnant vegetation throughout Phillip 
Island may affect management of bird dispersed weeds. It covers the gaps that need to be 
explored and describes limitations of the current study. 
1.7 Summary 
This chapter has set the intent and rationale of the research to be undertaken within the 
broader context of weed dispersal with a focus on the bird dispersal syndrome. The chapter 
has outlined a number of research objectives that are to be answered in subsequent chapters. 
The next chapter will review the theoretical and experimental work on biological invasion and 
bird dispersal to establish the background for this research. 
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 In general, the pattern of invasion is that invaders become more intense the farther they 
enter alien territory, to the point where the native rulership cannot overcome them 
Sun Tzu: The Art of War 
 
2.0 Introduction 
The definition of an invasive plant depends on the context in which it appears - agriculture, 
horticulture or conservation. Within agricultural and horticultural contexts, it is the perceived 
or actual impact that an unwanted species has that determines whether or not it is classified as 
invasive. From a conservation viewpoint, invasion can be defined on the basis of the rate of 
spread of a particular plant species. This later definition will be used in this thesis and is 
expanded on in Section 2.2. 
On a global scale, exotic plant species make up on average 16% of the total flora in a given 
ecosystem, while in island ecosystems they can be present in up to three times the number 
found in comparable mainland ecosystems (Lonsdale 1999). This invasion of native 
vegetative communities by exotic plant species constitutes one of the most serious threats to 
biodiversity today after habitat destruction (Vitousek et al. 1997). Threatening all types of 
ecosystems, invading plant (and animal) species can profoundly alter ecosystem structure and 
function and now represent a significant part of global environmental change (Vitousek et al. 
1996; Enserink 1999). 
This chapter will begin with a historical overview of biological plant invasions and then 
introduce some of the current issues surrounding the study of biological invasion. This is 
followed by research examining how an invasion proceeds and the modelling approaches used 
in the study of invasion. The main focus of this thesis is to gain some insights into bird 
dispersed fleshy-fruited invasive species and their spread into remnant vegetation, at the 
spatial scale of habitat. To this end, the next section of the literature review examines seed 
dispersal, focussing on factors that control avian frugivore dispersal. The last part of the 
review examines the applicability of Geographic Information Systems in the study of 
biological invasion and finally describes the species that will be used for this study. 
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2.1 Historical overview of scientific study of plant invasion 
2.1.1 International 
Human assisted invasions by plants have a relatively long history. For example, the spread of 
farming practice and agriculture throughout Europe during the Neolithic Period (6000BC  
2000BC) brought with it many agricultural weeds and ruderals that are now considered part of 
the native flora of Central Europe (Di Castri 1989; Pyek 1998a). However, it was only after 
the exploration and settlement of the New World by Europeans that a massive increase in the 
transfer of plants and animals along trade routes began to occur (Heywood 1989). The call to 
examine biological invasion had been made in the 19th century by Hooker (1864) who 
described the phenomenon as possibly the most interesting and important in all Biology, 
worth pursuing carefully and systematically. 
Almost 100 years after Hooker (1864) made his observations concerning biological invasions, 
the publication of The Ecology of Invasion by Animals and Plants (Elton 1958) described 
the homogenisation of the worlds flora and fauna and highlighted the significant changes 
occurring across the globe, as well as the lack of coherent theory and quantitative data on 
invasion. This book presented the first systematic introduction to the study of biological 
invasion. Hutchinson (1959) noted that the consequence of biological invasion for an 
ecological community may involve three possibilities: 1) complete displacement of an 
existing species; 2) occupation of an unfilled niche; or 3) niche partitioning with a pre-
existing species. A significant amount of research has been undertaken in order to lay down a 
scientific foundation for the study of biological invasion. Even today, the continuing impact 
of a homogeneous biota on biodiversity and a general lack of awareness of the relevant issues 
are still lamented by a number of authors in the scientific literature (McKinney and Lockwood 
1999; Mooney and Cleland 2001) and popular press (Low 2001). 
In 1969, the International Council for Science organised the Scientific Committee on 
Problems of the Environment (SCOPE) in order to focus on global environmental issues. The 
SCOPE programme on the Ecology of Biological Invasions began in mid 1982 to 
investigate the problem of biological invasion in a structured scientific framework and 
resulted in the publication of an overview of key areas in invasion biology (Drake et al. 
1989). Current work on invasion biology is centred on three main areas that seek to answer 
questions such as: Can invading species be predicted (Kolar and Lodge 2001)? Which habitats 
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are prone to invasion (Lavorel et al. 1999a; Alpert et al. 2000)? What are the impacts of 
invasion (Simberloff and Von Holle 1999)? 
2.1.2 The Australian experience 
A national symposium in 1985 provided an overview of biological invasion from an 
Australian perspective (Groves and Burdon 1986). Australia has an estimated 25000 
indigenous vascular plant species and an estimated 2200 species of naturalised vascular plants 
of which 50% are classified as environmental weeds (Williams and West 2000). 
Environmental weeds are species that invade indigenous vegetation communities or 
ecosystems and have either detectable economic or ecological impacts (Humphries et al. 
1991). Of these introduced vascular plant species, the number considered to be a major 
problem and proclaimed as noxious weeds in Australia grew from over 220 in 1991 to more 
than 300 in 2001 (Humphries et al. 1991; Parsons and Cuthbertson 2001). The various States 
and Territories use the term noxious to legally define weeds (ENRC 1998). Therefore, these 
figures do not give a true account of the magnitude of the problem facing Australia. It is 
apparent that the number of declared noxious species is not very closely linked to the number 
of introduced species causing serious problems. 
While all noxious species are problems, many problem species are not declared for 
administrative and political reasons. For example, in Victoria the most recent systematic 
review of the noxious weed list occurred in 1974 (Weiss et al. 2004). Victoria has 4365 
species of vascular plants of which 1221 (28%) are introduced species (Carr 1993). The 
reason for this figure being three times the national average is a result of the States early date 
of colonisation and associated large-scale change in vegetation. 
In order to address the significant threat that weeds present to Australias primary production 
and environment, the National Weeds Strategy was developed in 1991 by the Commonwealth, 
State and Territory ministers responsible for agriculture, forestry and the environment (NWS 
1999). The goals and objectives of the national weeds strategy are threefold:  
1. To prevent the development of new weed problems 
2. To reduce the impact of existing weed problems of national significance and 
3. To provide a framework and capacity for ongoing management of weed problems of 
national significance. 
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Through the National Weeds Strategy, an inaugural list of twenty Weeds of National 
Significance has been drawn up for which national action is required to effectively manage 
the problem (Thorp and Lynch 2000). 
The scope of plant invasions in Australia is wide ranging and it is continuing to grow 
(Williams and West 2000). With the expected changes in global atmospheric nitrogen and 
carbon dioxide and climatic extremes, many invasive species will benefit (Rejmánek 2000). 
The global movement of plants results in the accidental, utilitarian and aesthetic introduction 
of alien species and all three processes are still active (Mack and Lonsdale 2001). The nursery 
trade is the source of many environmental weeds - ornamental plants that are listed as weeds 
or have the potential to become weeds by escaping from gardens into natural reserves (ENRC 
1998). In addition, the deliberate introduction of a significant number of species (>450) that 
were trialled as pasture plants in northern Australia has resulted in sixty species becoming 
weeds, including twenty out of twenty one species that were designated as useful pasture 
plants (Lonsdale 1994). Another area of concern is that of genetically modified organisms and 
their potential to become invasive or to hybridise with existing weeds and native species 
(Simberloff and Von Holle 1999). 
2.1.3 Invasion biology as a sub discipline of ecology 
Davis et al. (2001) argue that the distinction between invasion ecology and ecology in general 
should be regarded as an artificial divide. Plant invasion should not be viewed as a distinct 
ecological process but as part of the broader study of succession and colonisation. Much of 
the material presented in the sections of this thesis dealing with seed dispersal in general and 
frugivore seed dispersal in particular come from the general ecological literature. The 
metapopulation concept (Hanski and Simberloff 1997) and patch dynamics (Gustafson and 
Gardner 1996) represent areas of study that can help to guide the development of general 
principles in the study of invasion. 
2.2 Defining an invasive plant 
Various terms have been used to describe invasive plants and because of the many 
descriptions used by various authors and government bodies, confusion continues to arise. 
Many of the terms used to identify invasive plants in the literature are often used 
interchangeably. Table 2-1 lists a representative but not exhaustive selection of terms used. 
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Table 2-1. A selection of terms used to describe invasive plants. 
Introduced Species 
Exotic Species 
Invaders 
Invasive Species 
Alien Species 
Non indigenous species (NIS) / Non native species 
Weed Species 
Harmful species 
Problem plants 
Colonisers 
Pests 
Garden thugs 
For the purpose of this review the definition of invasive plants in natural and semi-natural 
landscapes will be distinguished from those weeds and ruderals (the so-called archaeophytes) 
that invade highly anthropogenic or agricultural habitats. Archaeophytes have long been 
associated with the rise of agriculture (Di Castri 1989; Pyek 1998a) and are important from 
an economic point of view (Ghersa and Roush 1993) but fall outside the scope of this thesis. 
However, the general principles covered herein are not exclusive to this study and will be 
applicable to any community of plants, regardless of whether they are considered natural or 
disturbed, invaded or pristine. 
While a number of attempts have been made to define invasive species, ambiguity still exists 
(Table 2-2). Tickner et al. (2001) highlighted four recurring themes that appear in the various 
definitions of invasive species: 
• An invasive species is one that is not indigenous to the country or biogeographical 
region in question. 
• It has naturalised and is becoming more abundant and/or more widely distributed. 
• Some sort of nuisance or pest value is attached to the species in question. 
• Humans are normally responsible for the initial introduction of the species. 
Some of the definitions do not consider the effect that an introduced species has on the 
environment (Mack et al. 2000). This is not altogether a bad thing since the effect or impact 
that a species can have is often subjective and difficult to quantify. This idea of impact will 
be examined in Section 2.3.3. Some plants become naturalised and assimilate within the 
natural plant community without significantly modifying it (Macdonald et al. 1989). It is 
questionable as to whether or not these species should be considered as invasive. Other 
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researchers do not distinguish among plants that persist only through the continual 
reintroduction by human activity and those that are self-sustaining (Hengeveld 1989). 
Table 2-2. Varying definitions of invasive plants. 
Author/s Definition 
Cronk and Fuller (1995) An alien plant spreading naturally (without direct assistance of 
people) in natural or semi natural habitats to produce significant 
change in terms of composition, structure or ecosystem processes. 
 
Hengeveld (1989) Usually invasions are said to occur when a species enters a region 
where it was absent before. 
 
Macdonald et al. (1989) An introduced species which must be capable of establishing self-
sustaining populations in areas of natural and semi natural 
vegetation. 
 
Mack et al. (2000) Plants that are transported to new, often distant, ranges where their 
descendants proliferate, spread and persist. 
 
Richardson et al. (2000) Plants that produce reproductive adults at sites distant from initial 
site of introduction (≥  100m over less than 50yrs for seed and 
other propagules). 
 
Pyek (1998a) Species reaching an area through activities of Neolithic or post 
Neolithic man or of his domestic animals. 
 
Williamson (1996) Species coming from elsewhere. 
In the context of this discussion, the standardised terminology proposed by Richardson et al. 
(2000) will be used. Table 2-3 lists the terms used and how they are defined. The definition of 
each term is based on the number of barriers that a plant must overcome in order for its status 
to change from one category to another. A barrier need not be physical to prevent a change of 
status since a temporal barrier may be used to manage an invasive species in its transition 
from Invasive to Weed or Transformer status. A number of researchers have criticised the 
terminology used to describe invasive plants as having overtones of nativism, racism, 
xenophobia and National Socialism (Groening and Wolschke-Bulmahn 1992; Kendle and 
Rose 2000). Such critics disregard the documented economical and environmental costs of 
invasion by implying a more sinister reason for the focus on invasive species (Simberloff 
2003). 
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Table 2-3. A standardised terminology for use in invasion ecology studies. 
Term Definition 
Alien plants Plant taxa in a given area that is present due to deliberate or 
accidental introduction through human activity. 
Casual alien plants Alien plants that do not form self-sustaining populations and rely 
on repeated introductions to persist. 
Naturalised plants Alien plants that form consistent and sustained reproducing 
populations without further human assistance and do not 
necessarily invade natural, semi natural or anthropomorphic 
ecosystems. 
Invasive plants Naturalised plants that produce reproductive propagules at 
considerable distance from the parent plants. 
Weeds Plants (not necessarily alien) that grow where they are not wanted 
and usually have detectable economic or environmental effects. 
Transformers A subset of invasive plants that change the very character and 
function of the ecosystems that they invade over a significant area. 
The above terminology can be expanded to differentiate between environmental weeds and 
agricultural weeds. Thus environmental weeds represent species that invade indigenous 
vegetation communities or ecosystems and have either economic or ecological impacts 
through effects on biodiversity and conservation value (Humphries et al. 1991). This is 
distinct from agricultural weeds which are those species that are a feature of highly disturbed 
anthropogenic landscapes and impact directly or indirectly on human activity such as primary 
industry and recreational amenities (NWS 1999). 
In an attempt to overcome many of the critics of invasion studies and to remove the often-
subjective use of the terms listed in Table 2-2 and Table 2-3, Colautti and MacIsaac (2004) 
have proposed a schema that defines invasion on the basis of operational stages that a plant 
species must pass through. At each stage, the three factors of: 
1) Propagule pressure 
2) Physiochemical requirements and 
3) Community interactions 
will influence the probability of passing to the next stage. The three factors can act positively 
or negatively to influence the number of propagules passing successfully through each stage. 
The utility of this operational approach will be examined in relation to the process of invasion 
in section 2-4. 
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2.2.1 Sleeper weeds 
Groves (1999) defines sleeper weeds as invasive plants that have yet to exponentially increase 
their population size and area of occupation. Therefore any alien plant species that have 
become naturalised can be classed as sleeper weeds, although it is apparent that many 
naturalised species do not end up becoming invasive. Grice and Ainsworth (2003) have 
argued that employing the term sleeper weed would be more useful if the reasons for so 
identifying each species are provided. They pointed out that several different underlying 
reasons for apparent sleeper behaviour are possible and suggest that these could include: 
1. Restricted by a narrow genetic base poorly adapted to the local environment 
2. Restricted by limited suitable habitat 
3. Restricted by limited opportunities for recruitment 
4. A rapidly spreading plant wrongly identified as a sleeper 
2.3 Key issues in invasion biology 
Alpert et al. (2000) noted that there are three questions central to invasion ecology: 
1. Invasiveness: What are the attributes of an invading plant species, what traits enable a 
particular species to invade a new habitat and can these traits be used to predict which 
species have the potential to become invasive? 
2. Invasibility: What features of a habitat make it prone to invasion and allow the invading 
species to survive and spread? 
3. Impacts: Once a species has invaded a habitat, what kinds of impact does it have both on 
the species already present and to the overall functioning of the habitat? 
In a review of the scientific literature Lonsdale (1999) found that invasion studies usually 
focussed on one of three themes: 
1. Ecosystem properties 
2. Properties of weeds or indigenous species and 
3. Propagule pressure and dispersal rates 
In this instance the questions of invasibility and invasiveness are regarded as subsets of an 
ecosystems intrinsic properties. Dispersal can be dependent upon both intrinsic traits of the 
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individual species as well as on extrinsic factors such as the presence of suitable dispersal 
vectors whereas propagule pressure is an extrinsic factor relying on outside influences, 
typically multiple introduction by humans into an area where the species did not previously 
exist. 
While these central questions are important from the point of view of tackling the growing 
problem of biological invasion, the process of invasion is not novel within the natural world. 
The factors that allow an alien species into a plant community are no different to those 
allowing colonisation of an area by native species (Huston 1994). All ecosystems will exhibit 
patchiness and heterogeneity at a range of temporal and spatial scales that give rise to 
relationships and dynamic patterns between the various components (Levin 1988). This 
spatial and temporal variability is a fundamental ecological theme and represents the key to 
the persistence of rare species and the spread of invasive species (Levin 1992; Tilman and 
Kareiva 1997). 
2.3.1 Invasiveness - Identifying a potentially invasive plant 
Of the 220 declared noxious weeds in Australia (Parsons and Cuthbertson 2001), 46% were 
intentionally introduced for ornamental, agricultural and other uses; 18% were accidentally 
introduced; while for the remaining 36%, the mode of introduction is unknown (Panetta 
1993). In New Zealand, some 75% of the countrys 240 environmental weeds were introduced 
as ornamentals, 14% for agriculture and forestry while approximately 10% were accidentally 
introduced (Williams and West 2000). In the context of the following discussion the 
definitions of invasive and weed plants will be reiterated: invasive plants are naturalised 
plants that form reproducing satellite populations at some distance from the parent population 
while weeds are those invasive plants that produce some usually detectable economic or 
environmental effects. 
The benefits of being able to predict whether or not a particular species has the capacity to 
become invasive would result in reduced monetary, environmental and social costs (NWS 
1999). The number of species that move from being an alien to becoming a weed generally 
appears to conform to the Tens Rule (Williamson 1996). The Tens Rule revolves around 
the proportion of alien plants that become naturalised and go on to become weeds. Using the 
standardised terminology presented in Table 2-3, the Tens Rule states that 10% of alien 
plants become naturalised, 10% of naturalised plants become invasive and, of these, 10% 
become weeds. 
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Lockwood et al. (2001) showed that of the established alien species in Florida, California and 
Tennessee, the number of environmental weeds fell within the range predicted by the Tens 
Rule. The number of environmental weeds predicted by the Tens Rule is also true for New 
Zealand, however it does not apply for Australia where almost 50% of the 2200 naturalised 
species are classified as weeds (Williams and West 2000). This considerable difference in the 
predicted outcome between New Zealand and Australia highlights the inconsistencies in the 
use of the Tens Rule. For example the rule does not take into account the length of time a 
species has been naturalised with some species only becoming weeds many years after 
naturalisation. Hence different countries may appear to conform to the Tens Rule but their 
mean dates of species introductions could be very different. Neither does the rule consider the 
size of the area under examination. The Tens Rule is applied with equal weight to a 
continent with a large diversity of ecosystems as well as small islands, regions or state and 
political divisions. While the Tens Rule may give some indication of the number of weeds 
that may be expected from any given number of introductions, the real difficulty is to 
determine if any of a plants traits are indicative of invasiveness. 
Based on the differences between naturalised plants and those that make the transition to 
weeds, Baker (1974) developed a list of 12 traits that would identify the ideal weed. This list 
was reduced to seven traits that could be used to identify a successful invader (Baker 1986). 
Rejmánek and Richardson (1996) were able to use simple biological characteristics to identify 
potential invasive species of Pinus: 
• Short juvenile period 
• Short interval between large seed crops and 
• Small seed mass 
This technique can be extended to include other seed bearing woody species; however, a 
discriminant analysis approach using simple biological characteristics could not be used to 
develop predictors for agricultural weeds. In a study by Maillet and Lopez-Garcia (2000), no 
set of characteristics was found to be common among 78 species of agricultural weeds. 
Goodwin et al. (1999) showed that the original geographic range of a species was a useful 
predictor of invasiveness. They argue that a species-by-species approach to predicting 
invasiveness would not reduce the number of accidentally introduced species that are likely to 
become weeds. Their study compares invaders that were associated with human disturbed 
habitats rather than natural or semi-natural ecosystems. 
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Smith et al. (1999) argue that while accurate prediction of weed status is possible, they 
question the reliability of such predictions. If only 0.1% of introduced species are likely to 
become weeds, even at an accuracy of 85%, there is only a 10% probability of making a 
correct weed identification. Extent of geographic range is no definitive predictor of success or 
failure as a weed, since the secondary range distribution of a species is often much less 
restricted than its primary range distribution (Rejmánek 2000). For example, P. radiata (D. 
Don), a native of California, is restricted to a very small area in its native habitat but is a 
highly successful weed around the world that now invades many habitats (Baker 1974). 
Scott and Panetta (1993) were able to show that the single best predictor of the weediness of 
South African plants in Australia was whether they were weeds elsewhere. A similar study 
found that for species that invaded natural areas in three states in North America the strongest 
correlation of invasiveness was if a species had invaded one area, it was likely to invade the 
other two (Lockwood et al. 2001). Pyek (1998b) examined the biological characteristics of 
groups of families and phylogenetically related families for higher-level taxonomic patterns of 
invasiveness. Invasive families did have specific characteristics that could contribute to their 
success as weeds; however there were no simple morphological, physiological or ecological 
characteristics that could relate to the invasiveness of the taxonomic group. The study by 
Lockwood et al. (2001) also found a small but unreliable trend for invaders to come from 
particular families. While there is some evidence of taxonomic patterns of invasiveness, 
Rejmánek (2000) is guarded about making conclusions regarding invasiveness based solely 
on taxonomic grounds. 
Broad generalisations can be made about the characteristics that a successful invader exhibits. 
These include broad ecological requirements and tolerances - i.e., phenotypic plasticity 
(Alpert et al. 2000), r selected (maximised reproductive rates) life histories (Bass 1990), 
being associated with disturbed and/or anthropogenic habitats (Sax and Brown 2000), coming 
from large continents with diverse biota (Kolar and Lodge 2001), and having a life form or 
functional group that differs from or that is not represented in the indigenous flora (Prieur-
Richard and Lavorel 2000; Lockwood et al. 2001). Many of these characteristics can be 
directly related to immigration rate or propagule pressure. The more frequently a species is 
introduced into an area, and the longer it is in residence, then the more likely that it will 
become established and invasive (Williamson and Fitter 1996b; Rejmánek 2000). 
Williamson and Fitter (1996a) suggest that the observed rate of 1 in 10 naturalised species 
going on to become problem species (and 1 in 3 biocontrol species producing a detectable 
 23
outcome) may well represent the upper tail of the log-normal distribution found for many 
vegetative communities. That is, for any given vegetative community, the majority of species 
will be common, others will be extremely abundant while a few individuals will be rare and 
uncommon. Any investigations into the success and failure of alien species should be geared 
to understanding how and why species establish rather than studying problem species alone. 
Similarly, the reasons why the vast majority of introduced species fail to become established 
may lead to a better understanding of those that are successful (Williamson and Fitter 1996b; 
Sax and Brown 2000). 
Heger and Trepl (2003) highlight the strengths and weaknesses of a number of approaches 
used to understand the invasion process and note that we may be able to predict the 
possibility of invasion, but it is more difficult to predict whether this possibility will actually 
be realised. The Stage and Filter approach of Colautti and MacIsaac (2004) may provide a 
method to test predictions about a species potential to invade based on a combination of 
propagule pressure, a knowledge of abiotic environmental attributes and community and 
ecosystem interactions. This approach of focussing on processes and taking into account the 
dynamics of invasion provides a way of describing invasions in a general way rather than 
examining each case of invasion (Heger and Trepl 2003). 
2.3.2 Invasibility  Disturbance and species diversity 
A considerable amount of attention has been devoted to the question of whether some 
communities are more invasible than others (Williamson 1996; Mack et al. 2000) and 
consequently whether some regions are more susceptible to invasion than others (Lonsdale 
1999). First of all, how can invasibility be defined? At the community level, invasibility is the 
intrinsic susceptibility to invasion by an external species. This definition makes no distinction 
between different types of invaders be they successional colonisers or weeds (Prieur-Richard 
and Lavorel 2000). 
The question of disturbance is a difficult one to consider when dealing with invasive and/or 
weed species as it is widely held that it promotes invasion (Mack and D'Antonio 1998). In 
many instances disturbance is thought of from an anthropogenic point of view as urbanisation 
and human activity being important triggers for plant invasion (Pyek 1998a; Stadler et al. 
2000). It could be argued that there are no pristine habitats; just a continuum in which 
anthropogenic disturbance is classified gradually from minimal through to highly impacted. 
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Disturbance is also an important feature of natural communities and can be defined as an 
event that damages, shifts or kills individuals or populations to create an opening for new 
individuals or populations to become established (Sousa 1984). Disturbance can be 
characterised in terms of frequency, extent and magnitude, both intensity and severity 
(Walker and Willig 1999). If disturbance is an integral part of natural communities as well as 
anthropogenic systems, it then follows that no ecosystem is immune to invasion. 
Disturbance as an intrinsic aspect of a plant community is seen as a key feature in trying to 
explain invasibility of a habitat. Davis et al. (2000) propose that the susceptibility of a 
community to invasion will fluctuate over time. As scarce resources within the community 
fluctuate and become available because of disturbance (Orians 1986), the probability of 
invasion will increase (Thompson et al. 2001). Davis et al. (2001) do not make a distinction 
between invasive species and the processes of primary and secondary succession, thereby 
regarding invasion not as a distinct process but part of the broad ecological study of 
colonisation. For example, using their resource availability hypothesis, the particular 
susceptibility of riparian zones to invasion (Tickner et al. 2001) is due to the disturbance 
regime. Disturbance, in the form of a flood, results in the deposition of sediments providing 
new resources, and the removal of plants reducing uptake of existing resources. 
Alpert et al. (2000) put forward the concept of environmental stress as a trigger of invasibility 
of habitat. They incorporate three types of stress: 
1. Low resource availability 
2. Conditions that limit metabolism or resource acquisition and 
3. Pressure by toxins 
This approach can be seen from the point of view of resource availability in that each stressor 
will impact on how resources fluctuate over time and the ability of plant species within the 
community to access those resources. Taking a different approach to the question of 
invasibility, Rejmánek (1996) proposes that it is an individual species position along an r  
K continuum that determines invasiveness. Species with a life history adapted to maximise 
their reproductive rate are r-strategists, while those species adapted to maximise 
competitiveness are K-strategists (Halliday 1993). While this approach considers the species 
characteristics, it is making the assumption that disturbance within a habitat is critical for the 
success of r-selected species within the habitat. 
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The idea that high plant species richness and diverse plant communities are resistant to 
invasion has its origins in Elton (1958) and the work of MacArthur and Wilson (1967). In 
highly diverse communities, niche space is limited by species competition, which results in a 
more efficient use of limiting resources while species-poor habitats are more prone to 
invasion due to the greater availability of unused resources. Fox and Fox (1986) documented 
evidence of invasion in Australian heathland and scrubland. They showed that there was a 
negative correlation between the percentage of native species and the percentage of weed 
species in natural and disturbed communities and concluded that there is no invasion of 
natural communities without disturbance. Their data were re-examined by Levine and D 
Antonio (1999) who looked at the number of species involved rather than the percentage and 
found a positive correlation between native species richness and weed species richness in 
shrublands and a non-significant association with heathlands. Stohlgren et al. (2001) 
identified a positive correlation of native species richness, native species cover and total soil 
nitrogen with weed species richness. In general the species richness of natives seems to be 
more often positively than negatively correlated, or not correlated with the intensity of 
invasion (Alpert et al. 2000). 
At the community level, there is a consensus on the importance of recipient vegetation for the 
outcome of invasions (Drake et al. 1989). Community invasibility is a complex interaction of 
ecological diversity: species richness, functional group richness and the effects of particular 
community biological characteristics or functional group identity (Lavorel et al. 1999a). 
General trends have been observed regarding invasibility of different communities. Within 
continental tropical latitudes, the number of invasive species is low (Sax 2001). Temperate 
(Pyek et al. 2002) agricultural or urban communities (Pyek 1998a) are the most invaded 
while deserts and savannas are among the least (Lonsdale 1999). New World ecosystems have 
significantly higher rates of invasion than Old World, species-rich communities have more 
weeds than those that are species-poor, and islands are more invaded than continental 
ecosystems (Lonsdale 1999). 
2.3.3 Impacts of invasion 
While the economic impacts of plant invasion of agricultural ecosystems have been of 
foremost interest for some time, it is only in the last 50 years that the impact on the ecology of 
natural ecosystems has become appreciated (Elton 1958; Everett 2000). Plant invasions 
triggered by the intentional (as new pasture plants or horticultural species) or accidental 
transfer of species represent a significant impact on the environment and are second only to 
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habitat destruction as a cause of biodiversity loss on a global scale (Vitousek et al. 1996). 
Such fundamental ecological impacts arise because the very nature of plant communities and 
their importance to ecological processes are centred on three primary functions (Kent and 
Coker 1992): 
1. Plant communities are the most obvious physical representation of an ecosystem. 
2. Most vegetation is the result of primary production and net primary production 
represents the base of the trophic pyramid. 
3. Plants act as the habitat within which organisms live. 
The consequences of invasion are long term and invaded ecosystems rarely recover since once 
an organism has become established, it can continue to spread. Invasions can often be viewed 
as the symptom of other changes rather than the direct cause of such changes (Vitousek et al. 
1996), although once established weeds can become a major trigger that alters the disturbance 
regime within an ecosystem (Mack and D'Antonio 1998). In Australia, the gradual 
transformation occurring in invaded ecosystems has left many people, including 
conservationists, unaware of the nature and scale of the problems posed by weed species 
(Heywood 1989; Carr 1993; Cronk and Fuller 1995). 
An assumption made, but not stated in the literature of biological invasion, is that the impacts 
of different invaders are independent of each other; however repeated invasions may produce 
two synergistic effects (Simberloff and Von Holle 1999): 
• As the cumulative number of attempted introductions increases, each one disrupting 
abundances to some extent, the community becomes more easily invaded. 
• As the number of established invaders increases, future invasions may both succeed 
more easily and produce more dramatic impacts. 
The combination of these two effects defines the invasional meltdown hypothesis (Parker et 
al. 1999). Simply stated, do repeated invasions lead to breakdown and further susceptibility to 
invasion? Mutualistic interactions among species are rarely reported in the literature. For 
example, synergistic interactions among invaders may well lead to accelerated impacts on 
native ecosystems and that a significant part of the impact of introduced species as a whole 
arise from situations in which one invader aids another (Simberloff and Von Holle 1999). 
The invasion of Bombus terrestris (L.), the bumblebee, in Tasmania highlights the 
concomitant impact that this insect can have on the spread of invasive species that are 
 27
currently limited in distribution. Evidence presented by Hingston et al. (2002) suggests that 
the presence of B. terrestris leads to a reduction in the pollination of native species and an 
increase in seed set for some invasive species allowing them to greatly increase their range to 
become serious weeds. Whilst situations that have the appearance of invasion meltdown are 
not uncommon, evidence for it is anecdotal and not quantitative (Parker et al. 1999). Ricciardi 
and MacIsaac (2000) is one of the few papers that provides evidence for invasional meltdown 
from studies of invasion of the North American Great Lakes. 
In contrast to this view is the concept of biotic resistance. Biotic resistance suggests that 
introduced species are more likely to hinder each other than to aid one another. As more and 
more limiting resources are being used, newer species will need to compete in order to 
establish a viable population. Successful additions are more likely to be strong competitors 
that can prevent new introductions gaining a foothold; however there is little evidence of this 
(Parker et al. 1999). There is a need for quantification of population level impacts of non-
indigenous species on one another and on native species for the concept to become more 
widely accepted. Similarly, community assembly models could be used to distinguish 
between patterns of invasion meltdown and biotic resistance and may provide some insight 
into the mechanisms behind the build up or breakdown of community resistance (Parker et al. 
1999). 
The above issues have implications regarding the use of biocontrol in communities with 
multiple weeds. If invasion meltdown is operating, then inhibiting the major weed in an 
ecosystem should reduce the prospect of further invasive species. If biotic resistance is 
operating, suppressing a major weed will facilitate invasion by other species. 
2.3.4 Invasive species driven change 
The various impacts that invasive species have on the environment can be separated into 
wholesale global changes, local ecosystem and landscape changes and biological, social and 
economic costs. Mack et al. (2000) note that biological invasions act as agents of global 
change, for example changing the role of native species in communities, disrupting 
evolutionary processes, impacting on biodiversity and destroying habitats. There is now 
evidence that alteration of the disturbance regime in an ecosystem may be the most profound 
effect that a weed species can have on ecosystem structure and function (Mack and D'Antonio 
1998). In a review of the literature, D'Antonio et al. (1999) identified traits in invading 
species that either enhanced or suppressed pre-existing disturbance regimes or introduced a 
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new disturbance regime. Global climate change and alteration of chemical cycles have an 
impact on the invasion process and there is feedback from invaders that compound global 
change (Dukes and Mooney 1999). 
Separating ecosystem changes caused by invasive species from the effects of disturbance that 
initiated the invasive process is not a straightforward process (Ramakrishnan and Vitousek 
1989). While subtle changes to function may not be detectable other impacts will result in a 
change to the entire ecosystem. The invasion of newly formed volcanic areas in Hawaii by the 
nitrogen fixing fir tree (Morella faya (Ait.) Wilbur. Synonym Myrica faya Ait.) results in a 
different primary successional community structure consisting of a number of other invasive 
species rather than the expected native species (Vitousek et al. 1987). The introduction of 
Australian paperbark and she-oak species into Florida has changed treeless prairies into dense 
forests that are subject to intense fires. Their invasion into the Everglades has lead to a drying 
out and draining of swamp resulting in the loss of swamp ecosystems and the native species 
that rely on them (Cronk and Fuller 1995; Low 2001) 
Invasive species in the Fynbos communities of South Africa have changed the hydrological 
cycle by increasing the uptake of water from the soil. This in turn has resulted in lower river 
flows and reduced availability of water for river health and human consumption (Simberloff 
2003). The spread of Tamarix species in Australia and the United States has resulted in 
significant changes to the hydrogeomorphology of rivers by altering hydrological and 
sediment transport and floodplain dynamics that change riparian landscape behaviour 
(Tickner et al. 2001). The spread of Salix (willows) species along waterways in Victoria has 
resulted in changes to the sediment load and flow characteristics of streams. This impact on 
river and stream dynamics and has changed the nature of the riparian landscape (ENRC 
1998). 
Biodiversity loss can occur at both the ecosystem level and species level. At the national 
scale, Williams and West (2000) noted that plants that invade natural ecosystems are 
considered to be one of the greatest threats to nature conservation in both Australia and New 
Zealand. Invasion of pristine ecosystems represents a major concern for conservation since 
such ecosystems are reservoirs of biodiversity (Higgins et al. 1999) and, at a landscape level, 
alien species invade areas that are rich in native species (Stadler et al. 2000). The invasion of 
native communities in southern Australia by Asparagus asparagoides and Pittosporum 
undulatum (Vent.) result in changes in the litter and soil environment that significantly 
restricts the recruitment of native species and alters the composition of the invaded 
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ecosystems (Gleadow and Ashton 1981; Raymond 1999). The process of hybridisation, both 
between alien plants and of alien with native species can result in species loss as well as have 
a profound effect on the outcome of invasion (Daehler and Strong 1996). An example of this 
is the North American cord grass, Spartina alterniflora (Lois). It was introduced to Europe 
and hybridised with S. maritima (Curtis. Fernald) to produce a new and highly aggressive 
fertile hybrid species (S. anglica Hubbard) that has invaded estuaries along the English coast 
(Williamson 1996). 
In Victoria, biological invasion has serious economic, social and conservation impacts (Carr 
1993; ENRC 1998). The indirect costs of invasion occur through the impact that such species 
have on industries that rely on a natural environment such as agriculture and tourism. The 
state of Victoria spent AUD$185.2 million in 1986 to control weeds in agriculture and the 
cost of weed control by the Victorian Department of Natural Resources and Environment in 
1995/96 was AUD$6.52 million (ENRC 1998). The majority of resources used to control 
weeds are directed at reducing their impact in agricultural systems. Pimentel et al. (2001) 
reported the cost of weeds of cropping and pasture for the United States, United Kingdom, 
Australia, South Africa, India and Brazil to be AUD$188 billion per year. This figure does not 
take into account the costs of environmental weeds management. The most recent data for 
Australia indicate that the cost of weeds ranges between AUD$3.6 to AUD$4.5 billion 
annually (Sinden et al. 2004). The impact of weeds on natural ecosystems especially with 
respect to biodiversity losses is difficult to quantify economically and so proportionally less 
funds are spent on the control of environmental weeds (Groves 1999). 
2.4 The Invasion Process 
The process of plant invasion is a natural phenomenon but the current rate of invasion is not 
(Vitousek et al. 1996). Whereas natural invasion occurs from adjacent sites through the 
removal of barriers such as the creation of land bridges caused by drops in sea level, or the 
dispersal of propagules to newly formed islands, human driven invasion is the result of 
transport across vast geographic barriers that would only have been crossed given significant 
geological time scales (Vermeij 1991). From 1500AD the establishment of new settlements 
across the globe resulted in the movement of plants by humans to various destinations leading 
to an accelerated rate of invasion. The beginnings of global trade marked the change from 
weeds associated with agriculture to those that were also deliberately introduced for 
horticulture and ornamental use (Pyek 1998a; Mack and Lonsdale 2001). The continued 
globalisation of trade and the removal of economic barriers are resulting in a greater biotic 
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exchange and increasing homogenisation of the worlds biota (Enserink 1999; Mack et al. 
2000). 
2.4.1 Patterns and Rates of invasion 
The patterns and rate of invasion share many fundamental properties associated with the 
spread of parasites and disease, such as vectors, minimum viable population, the pattern and 
rate of population growth and its impact on species in the new environment (Mack et al. 
2000). The epidemiology of cholera epidemics in North America during the mid 1800s is a 
classic example. The spread of cholera between two separate populations (New Orleans and 
New York) occurred by both passive diffusion among neighbouring individuals and through 
transport corridors via long distance diffusion (Williamson 1996). 
The process of crossing the barrier from invasive to weed status is similar for many species 
and ultimately all invasions result in the founding of a self-sustaining population of a species 
that, free from the natural checks in its original home range, begins to spread into its new 
home range (Hengeveld 1989; Shigesada and Kawasaki 1997). The apparent length of time 
between establishment and exponential growth can last anywhere from months to years 
(Shigesada and Kawasaki 1997). The concept of an identifiable lag phase will be discussed in 
the next section. As the number of suitable sites for invasion begins to decrease, the rapid 
spread that occurs after an initial establishment phase begins to decrease giving a typical 
sigmoidal curve (Pyek and Prach 1995). Wade (1997) subdivides the invasion process into 
four phases based on the degree of disturbance at the sites where a weed species is found 
while the three phase version (Figure 21) makes no a priori assumption of disturbance and 
provides a general picture of the pattern of invasion regardless of whether it is natural or 
human driven. 
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Figure 21. Long-standing view of the stages of invasion. 
2.4.1.1 The Lag phase: Real or illusional? 
A number of explanations for the lag phase have been suggested in the literature. This latent 
period may be due to the weed being below some detection threshold and has not started to 
create problems for people using the land (Higgins et al. 1999; Kean and Barlow 2000). It 
may be the result of extrinsic factors such as requiring a necessary but infrequent 
environmental or ecological change before exponential growth begins (Kruger et al. 1986). It 
may represent a period of adaptation for the weed species and could include associated 
changes in pollinator and frugivore behaviour as they switch to a novel food source (Knight 
1986). The more seeds that are produced and the greater the number of frugivores using this 
new food source, the greater the probability of dispersal (Herrera 1998). 
Genetic factors such as the founder effect would require time for genotypic variability to 
develop before the species can expand into new areas (Baker 1986). Natural selection would 
take time to act on the existing genetic variability within an invading species and since it has 
evolved in other areas, the combination of traits it exhibits could be superior to those of native 
species (Sax and Brown 2000). The lag phase may simply be a function of metapopulation 
dynamics in which there is a net negative immigration rate and a net loss due to dispersal at 
the site of initial infestation (Kean and Barlow 2000). 
While many references to the lag phase in the literature exist, there is argument against its 
use. Many invasive species are only recognised as weeds when they are quite abundant and/or 
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widespread. Hence it is almost impossible to tell whether or not the lag phase was real or just 
one of undetected exponential growth, or irregular growth spurts (Grice and Ainsworth 2003). 
In view of this difficulty, the process-based schema of Colautti and MacIsaac (2004) offers a 
dual approach to the study of invasion by defining: 1) invasive species and 2) the stages of 
invasion using operational terms that have no a priori meaning (Figure 22). The key factor 
that determines the change from one stage to another is the influence of propagule pressure. 
From Stage III to Stage V, metapopulation dynamics become important in determining 
population abundance and the establishment of new satellite populations. Metapopulation 
dynamics with reference to dispersal will be covered in Section 2.5 (Seed dispersal). 
 
Figure 22. A new stage approach in the study of invasion. Each stage is reached through the 
combination of up to three interactions that can act in a positive or negative way. Modified 
from Colautti and MacIsaac (2004). 
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2.4.2 Models of invasion  An overview 
Modelling is important from a management perspective since control strategies will depend 
on the likely levels and patterns of invasive spread. Species that have high rates of spread are 
more likely to become widespread and management strategies should be structured with this 
in mind (Forcella 1985; Panetta and Sparkes 2001). On a regional scale the rate of spread is 
greater from isolated satellite foci than from the main population, so targeting these foci will 
have the greatest impact on weed management (Kot et al. 1996). Whatever model is used, it is 
important to consider the probability that a region or habitat is suited to successful weed 
establishment (Stansbury and Scott 1999) as well as building in an upper limit for the distance 
that a propagule can reach and establish a satellite population (Kot et al. 1996). 
Much of the current group of mathematical models of invasion are based on the work of two 
researchers: Fisher (1937) and Skellam (1951). Fisher (1937) presented a simple model of 
population diffusion of a favourable gene mutation using a partial differential equation. He 
showed that the advancing population containing a novel mutation could be represented 
mathematically as a radiating wave from the initial point of the mutation. 
Skellam (1951) set forth the beginnings of modern dispersal theory when he turned his 
attention to the problem of the current distribution of British plants after the post-glacial 
Holocene spread. Reids Paradox (Clark et al. 1998) is the observation that the current 
distribution of trees is difficult to correlate with the past distribution of trees (based on fossil 
records) with predictions made based on known mean dispersal distances of their seeds. Using 
a difference equation model Skellam (1951) concluded that the only way such distances could 
be achieved was through long distance dispersal of seeds by birds. 
Simple but classic reaction-diffusion models have their roots in the work of Skellam (1951) 
and Fisher (1937). Such models assume individuals disperse randomly from a single starting 
point as a travelling wave with a constant rate of growth (Hastings 1996). Historical data on 
invasions have shown that these models can be used to effectively model the rate of spread of 
organisms (Hengeveld 1989; Shigesada and Kawasaki 1997), but it should be noted that such 
models work only if the rate of spread for the species in question has attained its maximum 
(Hastings 1996; Williamson 1996). 
Simulations involving realistic demographic constraints and multiple dispersal mechanisms 
using GIS have been used to model the spread of weed species (Wadsworth et al. 2000). 
Reaction-diffusion models assume that dispersal distance over time (t) follows a normal 
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distribution. When this is not the case such models may significantly underestimate the speed 
of invasion (Lewis 1997). 
In many invasions, small satellite populations establish away from the initial point of 
infestation through dispersal over long distance. Such jump dispersal events generate 
leptokurtic dispersal distributions (Lewis 1997). Integro-difference models incorporating such 
jump dispersals have been applied to real world examples (Skellam 1951; Neubert and 
Caswell 2000) and are useful in modelling the spread of weeds that were originally introduced 
as ornamental specimens (Weber 1998). Interest in such models exists as it has been shown 
that the rate of area invaded from many small isolated loci of weed populations is greater than 
that from a single large population of equal size (Mack and Lonsdale 2001). Further removal 
or control of these satellite populations will prevent expansion of the invading species 
(Moody and Mack 1988). 
Since ecological processes are important in determining the species richness of both weed and 
native species within a given region (Stadler et al. 2000; Sax 2001), ecological models make 
use of the fact that geographical range and wide ecological tolerances are important for the 
success of weeds in their invasion of new areas (Williamson and Fitter 1996b; Goodwin et al. 
1999; Zalba et al. 2000). Ecological niche modelling is a three-step process that firstly models 
niches in ecological space, evaluates these niche models based on native distribution and 
finally projects the model onto areas that can be invaded (Townsend Peterson and Vielglais 
2001). The dynamic landscape model of Higgins et al. (2000) incorporates both biological 
factors and spatial variables, not only to predict rates of spread but also provide some measure 
of impact on the ecosystems invaded and the costs associated with various clearing strategies. 
Such models have the capacity to identify the broad range of environments that are potentially 
suitable for a species before that species is introduced. 
Regardless of the model being used, it is important to note that predictions made will not 
necessarily be valid under all conditions and scales (Higgins et al. 2001). Climate based 
predictive software models have been used to model the extent of weed species (Pigott 1999) 
but such models rely on one variable that may or may not be the limiting factor in the spread 
of the species in question. Data on the biological characteristics of the weed species need to 
be reliable if valid conclusions are to be made (Zalba et al. 2000). Higgins and Richardson 
(1998) argue that given that such ecological considerations are important, general models of 
plant invasion cannot provide specific and quantitative predictions. Selection criteria based on 
an understanding of the processes that control and limit the invasion being considered must be 
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used to select the appropriate model since each model makes different assumptions about the 
ecology of plant spread (Higgins and Richardson 1996). 
2.5 Seed dispersal 
For plants, populations colonise new areas as well as expand in size via the dispersal of 
propagules. Factors that are important in dispersal include seed production, the type of seed 
and the dispersal vector (Forcella 1985). Dispersal is a complex process that links populations 
and results in a heterogeneous distribution of plants across the landscape (Fuentes 2000). The 
effectiveness of dispersal and therefore the opportunity for biological invasion by a weed 
species will depend on the probability of propagules arriving into new sites and the 
probability that they will successfully establish at the new sites (Cook 1980; Howe and 
Smallwood 1982). Ghersa and Roush (1993) conclude that the study of dispersal is an 
important process since the management of dispersal and distribution of weed propagules is 
the most effective method of reducing yield loss of weed invasion in agricultural ecosystems. 
2.5.1 Ecology of seed dispersal 
Seed dispersal is the transport of propagules by abiotic or biotic factors (Kollmann 2000). 
Abiotic factors include gravity, wind and water while biotic factors include seed ejaculation 
by the mother plant and animal dispersal vectors (Baskin and Baskin 1998). The dispersal of 
seed occurs in four dimensions: across the surface (2-D), depth into the soil (3-D) and over 
time (4-D). The distribution of seeds from their source can be described with respect to the 
individual as a seed shadow, or to a group or population as seed rain. 
The spatial distribution of seeds generated around an individual plant is defined as the seed 
shadow and can be described by: a) seed density as a function of distance from source and b) 
direction from source (Willson 1992), while seed rain is the spatial distribution of seeds 
resulting from the combination of the seed shadow of individual plants within a group or 
population (Alcántara et al. 2000). A simple plot of seed density as a function of distance 
from the source yields a seed dispersal curve. If this curve is given as a probability function, 
then it is known as a seed dispersal or redistribution kernel (Neubert and Caswell 2000; 
Nathan 2001). 
In an ideal case the density distribution of seed (from either an individual or group) will 
decline with increasing distance from the source. In fact most seeds display a leptokurtic 
dispersal pattern (Howe and Smallwood 1982). However, the seed shadow (and by definition 
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the seed rain) can be modified by factors other than primary dispersal vectors that give rise to 
final patterns of plant distribution and abundance that are independent of the ideal seed 
shadow (Kollmann 2000). Deviations from the ideal seed shadow arise due to the 
heterogeneous nature of habitats (Hoppes 1988) and/or the behaviour of the disperser 
(Willson 1992). 
Seed dispersal is only one part of the equation, as the final number of seedlings recruited will 
depend on whether or not the seeds actually germinate and then survive to maturity. This 
pattern of recruitment depends on the poorly understood interaction among seed dispersers, 
seed predators and seedling mortality (Wenny 2000). Dispersal is only one step in a sequence 
of events that determines the spatial distribution of a weed species and most of the processes 
involved with seed dispersal (Figure 23) show spatial patterns at different scales. Rey and 
Alcántara (2000) showed that dispersal was not the step that limited the germination and 
establishment of wild olives. Instead it was abiotic factors such as climate and the deposition 
of seeds in unsuitable sites that resulted in differences between spatial distribution of seeds 
and the spatial distribution of young plants. 
 
 
Figure 23. Major causes and consequences of patterns among seeds at various stages. 
Unbroken arrows represent processes, broken arrows show influences upon these processes, 
broken boxes indicate influencing factors, and rounded boxes indicate that the dispersion 
patterns of that stage are of interest. Source: (Nathan 2001). 
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2.5.2 Dispersal distance 
Many terrestrial plants spread into the landscape through the dispersal of their seeds. While 
most seeds move within a short distance from the parent plant (0.5 to 10s of metres), it is the 
long distance dispersal of seeds (>100m) into suitable habitats that ensure that new local or 
satellite populations become established (Cain et al. 2000). Long distance seed dispersal 
represents an important event in the colonisation of new sites but is difficult to investigate in 
the field (Higgins and Richardson 1999), as it is a disproportionately rare event (Nathan 2001) 
and in most cases can only be inferred (Skellam 1951; Kollmann 2000). However, if long 
distance dispersal is critical for the spread of a weed and is ignored, then the modelled rate of 
spread will be too low (Higgins et al. 2001). 
2.5.3 Animal behaviour and dispersal patterns 
Frugivores are animals that eat fruit and consistently disperse the seeds rather than consume 
them (Howe 1982). Frugivores are responsible for the dispersal of a significant proportion of 
the plants within most communities (Howe and Smallwood 1982). Different feeding patterns 
can result in either clumping of seeds near the parent plant or in the case of vertebrate 
dispersers, at specific recruitment foci or perching sites (Kollmann 2000). In a heterogeneous 
habitat such recruitment sites can be rare thereby altering dispersal patterns. Thus the shape of 
the seed shadow and therefore the ultimate distribution of seeds is determined by the 
patchiness of the habitat and the behaviour patterns of dispersers (Willson 1992). Seed density 
of animal dispersed seeds decreases with distance from the source due to three competing 
factors: 1) the increase in area from the source, 2) short retention times causing more seeds to 
drop near the source, and 3) the home range of animals often restricts their movements (Stiles 
1992). 
A number of other factors have been observed with animal dispersal mechanisms. Rejmánek 
(1996) identified vertebrate dispersal as a contributing factor to the increased latitudinal range 
of many weeds. Rodents will predate on seeds at higher rates beneath dense vegetation than in 
open habitats (Hulme 1998), while Alcántara et al. (2000) identified cover type as the primary 
factor that influenced the spatial distribution of wild olive seeds. In the latter study cover type 
influenced the behaviour of dispersers as they avoided empty space and had preferences for 
particular shrub types. Finally, vertebrate dispersed fruits tend to be produced during the 
wettest time of the year and efficient dispersal is not necessarily linked to fruit quality but 
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instead depends on the seasonal abundance of vertebrate dispersers and the availability of 
alternate sources of food (Howe and Smallwood 1982). 
2.5.4 Metapopulation dynamics 
Vegetative reproduction and short distance dispersal increase the size of the parent population 
while long distance dispersal provides the opportunity for local populations to establish 
themselves (Kean and Barlow 2000). The mechanism of seed dispersal via frugivory plays a 
central role in the colonisation of new habitats and the maintenance of plant metapopulations 
(Jordano 1992; Kean and Barlow 2000) by linking successive plant populations via migration 
(Fuentes 2000). Hanski and Simberloff (1997) define a metapopulation as a set of local 
populations where migration between at least two of these local populations is possible. The 
metapopulation itself has structure that comprises a distribution of patch areas and a number 
of different possible migration directions and rates between populations in each patch area 
(Figure 24). Simulation models have shown that metapopulation dynamics are important in 
the spread of weeds since persistence and abundance within a given population is partly a 
function of abundance and distribution in surrounding populations (Wadsworth et al. 2000). 
 
Figure 24. Types of spatial distribution of metapopulations. Filled circles indicate an 
occupied habitat patch, empty circles an unoccupied habitat patch and broken circles are the 
boundaries of the population. Source: (Gillman and Hails 1997 Figure 6.3 p. 148). 
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2.5.5 Long distance seed dispersal 
While most seeds are dropped near the parent plants by foraging animals, it is the long 
distance dispersal of seeds that will dictate how far the plant spreads. When dispersal is 
comprised of long and short distance dispersal events, it is the long distance component that 
determines invasion speed and is significant in determining the dynamics of metapopulations, 
even when such events are rare (Gillman and Hails 1997; Ims and Yoccoz 1997; Higgins and 
Richardson 1999; Fuentes 2000). Neubert and Caswell (2000) found that events that occur at 
the rate of one in one million and events that occur at the rate of one in one thousand, are 
almost indistinguishable in determining invasion speed. The Holocene invasion of post-
glacial land by plants had long been regarded as a paradox since the observed rate of spread 
could not account for the current plant distribution (Clark et al. 1998). By taking such rare 
long distance dispersal events into account Skellam (1951) was able to reconcile the 
unrealistically large seed dispersal distances required during the modelling by concluding that 
birds must have carried some seeds such distances. 
In the case of seed dispersal by birds, it is the seed fall patterns that will determine the spatial 
dynamics of invasive spread (Alcántara et al. 2000) and any data obtained on long distance 
dispersal can be useful in predicting the rate of spread (Fuentes 2000). However, there is a 
definite lack of data on the long distance dispersal characteristics for many plant species 
(Portnoy and Willson 1993; Clark et al. 1999). Long distance dispersal can be assessed 
directly in the field using: 1) a simple method of tracking seeds from a point source (Levey 
and Sargent 2000); 2) genetic techniques that can link either dispersed seeds with plant 
populations (Cain et al. 2000) or individual plants (Godoy and Jordano 2001); or 3) indirectly 
through pattern analysis of disjunct populations of invading plants (Higgins and Richardson 
1999). 
2.6 Seed dispersal by birds 
Seed dispersal by birds is implicated in the large longitudinal range of many invasive pines, 
herbaceous and woody species (Oakwood et al. 1993; Rejmánek 1996) and therefore has 
important implications for the source of new weed infestations (Stansbury 2001). 
Approximately 8% (98 species) of the non-indigenous plants in Victoria have berry-like 
reproductive structures that can be dispersed by birds (Carr 1993) and the potential for these 
plants to become the next generation of invasive weeds is of concern. Knight (1986) showed 
that a) the fruits of indigenous and non-indigenous plants are similar with respect to fruit size 
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and colour and that exploitation of a new fruit source may be triggered by changes in the 
availability of indigenous fruits and b) the fruit displays of most alien species and primary 
successional indigenous species are similar. 
The spatial distribution and number of new individuals in a population is influenced by bird 
dispersal and frugivory has been shown to be a central process in plant population dynamics 
(Jordano 1992; Rey and Alcántara 2000). While primary dispersal is an important factor in the 
spread of such species, vegetation structure and post dispersal success of seeds will also play 
a part in the recruitment of new individuals and the establishment of new populations (Figure 
25). Differences in requirements for seeds and seedlings leads to spatial uncoupling of the 
seed shadow and the recruitment of new individuals and the establishment of new populations 
(Horvitz and Le Corf 1993; Rey and Alcántara 2000). 
 
Figure 25. Processes and factors associated with seed dispersal and recruitment of fleshy-
fruited species. Modified from Kollmann (2000). 
2.6.1 Evolution of avian frugivore dispersed plants 
The evolution of fleshy fruit and the mutual interaction of the plant-disperser association are 
generally regarded as an efficient solution to the problem of seed dispersal (Raven et al. 
1999). An alternative view is that fruits evolved as a defensive mechanism for seeds and 
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frugivory and consequently dispersal was a secondary outcome (Mack 2000). Whatever the 
original evolutionary trigger, the outcome remains that a plant benefits from the dispersal of 
its propagules to new sites and that the frugivore disperser benefits by having access to an 
energy source (Raven et al. 1999). The fact that fruit size and colour are consistent among 
fleshy-fruited species across the worlds floras would imply that fruits have evolved 
independently in many lineages and selection pressures have resulted in the evolution of a 
generalised dispersal mechanism (Knight 1986). 
Most non frugivorous birds also disperse seeds, for example, through sticky seeds on their 
beaks, feathers or feet and exhibit a varied degree of frugivory (Stiles 1992). Such non 
frugivorous birds may be classified as being legitimate seed dispersers that regurgitate or 
defecate seeds unharmed, or occasional dispersers that will take a fruit from its parent plant 
and fly to a different perch to eat the pulp (Jordano and Schupp 2000). Bird dispersed plants 
can be classified based on the strategies they use to ensure seed and seedling survival. 
Specialist plants selectively attract birds that will deposit seeds where seed predation is low 
and seedlings have the maximum chance of survival to adults. Generalist plants attract many 
bird species, increasing their seed shadow, so that their seeds are deposited in many different 
sites thereby spreading the risk of mortality (Izhaki et al. 1991). 
Thus the size of a plants seed shadow will affect its chances of establishing new individuals 
away from the parent plant into new habitat (Hoppes 1988) as well as reduce competitive 
exclusion and mortality (since they are greater when density is high than when new 
individuals are scattered among other species (Janzen 1970; Connell 1971)). Rey and 
Alcántara (2000) noted that for the fleshy-fruited plant Olea europaea (L.), recruitment under 
conspecifics is nearly zero and dispersers are critical for a plant if it is to establish new 
individuals. Since density-dependent mortality of common species allows rare species to 
appear (Harms 2000), the introduction of an alien species would be initially rare and the 
species may therefore gain a foothold and expand its range. 
2.6.2 Frugivores and heterogeneous habitat 
Using a simulation model to examine dispersal within a heterogeneous habitat, Gustafson and 
Gardner (1996) showed that dispersal success depends on differences in the size and distance 
of habitat patches. However, little is known about how bird behaviour changes with 
increasing fragmentation of habitat (Lavorel et al. 1999b). The presence of habitat corridors 
may be of critical importance in the maintenance of indigenous plant populations by allowing 
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easy and frequent movement of birds between habitat patches (Cain et al. 1998; Galindo-
González et al. 2000). Given that habitat corridors linking fragmented vegetation are seen as 
an important conservation tool (Loney and Hobbs 1991), the implications for the spread of 
weeds between heterogeneous habitat patches must be seriously considered. 
Habitat structure, both with respect to vegetation and spatial arrangement, will determine if 
frugivores are attracted and how their behaviour (and therefore seed dispersal) will be 
influenced (Willson and Crome 1989). Kollmann and Schneider (1999) noted that the type of 
land use adjacent to forest edges impacted on the diversity of both avian frugivore species and 
fleshy-fruited plant species. Edges and gaps in vegetation will impact on seed dispersal as 
well as post dispersal survival (Osunkoya 1994). As a result of avian behaviour, propagules of 
fleshy-fruited tree species are more likely to reach sites along forest margins even though they 
represent a small proportion of the total number of seeds dispersed (Armesto et al. 2001). 
Perch trees used for feeding and roosting are known to alter successional changes in open 
areas (McDonald and Stiles 1983) with isolated trees being an important structural element 
that attracts frugivores (Kollmann and Schneider 1999) and act as regeneration nuclei in open 
fields (Galindo-González et al. 2000) and forests (Gleadow and Ashton 1981). Horvitz and Le 
Corf (1993) put forward two reasons for the clumping of bird dispersed herbs away from 
parent plants: 1) the tendency for birds to drop many seeds below specific perch sites and 2) 
the rarity of suitable recruitment habitat. However, suitable habitat may not be rare in all 
cases. Fuentes (2000) noted that in suitable habitats, juvenile recruitment was limited by seed 
availability. 
Alcántara et al. (2000) showed that bird visits to different microhabitats are not correlated 
with actual microhabitat availability. Consequently the number of frugivore species present 
within an area will also impact on dispersal since each species will have their own species-
specific microhabitat preferences that will differ in suitability for plant recruitment (Jordano 
and Schupp 2000). Such factors will play a role in avian dispersal of fleshy-fruited invasive 
species into new habitat. 
2.6.3 Factors controlling seed dispersal by birds 
• Abundance of birds: Increased abundance of birds would be expected to result in 
more dispersal and proportionally more recruitment of fleshy-fruited plant species 
(Kollmann 2000). In a long-term study of a Mediterranean ecosystem, Herrera (1998) 
identified the relationship between major seed dispersers and fleshy-fruited plants as a 
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non-equilibrium ecological system in which the annual variation in fruit crop size did 
not affect frugivore numbers. Frugivore numbers were controlled by the severity of 
autumn weather and it was this temporal fluctuation in abiotic factors that severed the 
temporal dynamics of the main bird disperser-plant association. Jordano and Schupp 
(2000) argued that this is only true for migratory species and that the abundance of 
birds that breed locally is linked to the abundance of fruit. 
• Phenology of fruit maturation: Brightly coloured berries containing mature seeds 
provide a conspicuous display that attracts avian dispersers (Horvitz and Le Corf 
1993). The maturation of fruit during specific times of the year will provide a 
potentially valuable food source during breeding or when other sources are scarce 
(Raven et al. 1999). During years when fruit production is low, seed rain in different 
habitats can be intense as frugivorous birds foraging behaviour changes in order to 
search out available fruit (Armesto et al. 2001). This effect could increase the 
importance of small infestations of fleshy-fruited weeds, with frugivores switching to 
available fruit resources and accelerating dispersal. 
• Fruit removal and seed rain: The number of seeds dispersed over a given area - i.e., 
the seed shadow (Clark et al. 1999) as well as the proportion dispersed relative to the 
total seed crop determine the success of the frugivore plant interaction (Jordano and 
Schupp 2000). However, it is the type of microhabitat within which the seeds are 
deposited that will impact on plant recruitment (Rey and Alcántara 2000). 
• Post dispersal seed predation and seed bank dynamics: Seasonal patterns in post 
dispersal seed predation and the long-term viability of seeds within the soil add a 
temporal component that can potentially affect the recruitment dynamics of fleshy-
fruited species (Kollmann et al. 1998). 
• Germination: Different microhabitats receive variable numbers of seeds that are 
dispersed to these microhabitats by different bird species. Any yearly fluctuation in the 
bird community within a region may result in differences between both the number of 
seeds dispersed and in the type of microhabitats that are seeded (Jordano and Schupp 
2000). Furthermore, it is not evident what effects dense shrub or ground cover has on 
seedling recruitment (Godoy and Jordano 2001). 
• Seedling establishment: Biotic factors may affect the amount of recruitment but it is 
the abiotic factors such as nutrients, light levels and water availability, that are 
important in the recruitment dynamics fleshy-fruited species (Rey and Alcántara 
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2000). For example, high levels of leaf litter may not necessarily reduce later 
germination but can impact on seedling survival (Panetta and Sparkes 2001). The low 
success in marginal habitats of Asparagus asparagoides results in a below average 
fruit crop and a reduced rate of diffusion of the population (Stansbury 2001). 
2.7 Geographic information systems and modelling 
Starr and Estes (1990 p.21) note, in the broadest sense, the first geographic information 
system was developed to help with an environmental problem: rehabilitation and development 
of Canadas agricultural lands. A geographic information system (GIS) is a set of tools for 
the "collection, storing, retrieving at will, transforming and displaying spatial data from the 
real world..." (Burrough 1988 p.6). Spatial and to a lesser extent temporal analysis capabilities 
form the core data transformation capabilities of GIS (Larsen 1999). Being a computer-based 
tool that consists of software, hardware and data, the strength of a GIS is its ability to generate 
new data and gain new insights using spatial features and attributes. It allows the development 
of spatially explicit models that can be used to investigate both the natural or anthropogenic 
environment. 
The term model can have two meanings within spatial science. First, a data model refers to a 
logical arrangement of information within a classification or plan. Second, it can refer to the 
symbolic depiction of the associations among spatial objects and their attributes in the form of 
a map (Bonham-Carter 1994). Berry (1993) adds a third type of model, the application model, 
that addresses questions about the inter- and intra-relationships among maps to gain better 
understanding of the mapped data. The analytical process of discovering, describing and 
making predictions about spatial phenomena together with providing a visual output of the 
information is combined in the overall development of a model within the GIS context. 
GIS has found application in a variety of ecological and ecosystems studies  examples 
include the assessment of topographic and biotic relationships, watershed and stream 
networks and long-term studies of landscape alteration (Johnston 1998). It can be used to 
sample, model and evaluate the results of the modelling of ecosystems without making prior 
assumptions of scale (Lowell 1993). Jensen et al. (1993) showed how ancillary data can be 
coupled with remotely sensed data in a GIS and be used to predictively model the spatial 
distribution of water macrophytes. This discussion, however, will give an overview of the 
application of GIS in the study of vegetation communities and then examine the use of GIS in 
the area of weed research. 
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2.7.1 GIS and ecological applications 
GIS is used for the mapping and modelling of vegetation at scales that range from a few 
square metres in area through to large scale biomes of thousands of square kilometres 
(Alexander and Millington 2000). Neldner et al. (1995) used a GIS to assess the adequacy of 
sampling in vegetation surveys. For a study area of 137200 km2, a number of sites were 
sampled over a five-year period and five different methods were used assess and display the 
spatial distribution of under sampled sites with GIS. Cocker (2000) illustrated the use of GIS 
in which a range of environmental factors and vegetation groups were mapped for an area of 
20 km2 in Norway. Analysis of the data showed the area to have a high biodiversity being 
home to a number of nationally rare species. 
Gioia and Pigott (2000) undertook a biodiversity assessment for an area of 4.25 million 
hectares in the lower south west corner of Western Australia. A GIS was used to store and 
analyse 153000 spatial data records for 2644 indigenous species. Predictive species 
distributions based on presence only data using the predictor variables climatic surfaces, slope 
and geology were used in generalised linear models and maps showing presence likelihoods 
were produced. Predicted species distributions were then used to calculate a species richness 
index. While results were obtained in a relatively short time span, both authors acknowledge, 
In spite of the ability to extrapolate plant distributions, significant gaps in our knowledge of 
the flora still exist within the study area. 
In a similar study by Lehmann (1998) GIS was used to model the distribution of a submerged 
aquatic macrophyte in the littoral zone of Lake Geneva in Switzerland. The GIS database 
consisted of mapped vegetation, bathymetry, effective fetch (the distance on open water in a 
given angular direction), current strength, water pollution (based on bacterial counts) and lake 
substrates. Species distribution was modelled using generalised additive models and the 
results of predicted distribution were compared with known distributions. Modelling within 
the GIS was used to predict macrophyte distribution based on hypothetical changes in 
predictor variables (water level and level of pollution) and the results displayed as a series of 
maps. GIS has been used in forestry to model timber volumes and investigate the sustainable 
use of natural vegetation communities (Lowell 2000). 
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2.7.2 GIS in the investigation and management of invasion 
GIS therefore represents a useful toolbox of software capabilities (Larsen 1999) that can be 
used to investigate weed invasion. GIS can integrate and analyse the spatial and temporal 
attributes of a weed species (Braun et al. 2000) as well to obtain simple metrics such as the 
area covered and length of the perimeter of an invasion. Once an invasive species has become 
established there may be some passage of time (real or perceived) before it begins to expand 
its range. By plotting area invaded as a function of time, it is possible to illustrate when the 
expansion begins as well as the rate at which it continues (Shigesada and Kawasaki 1997). It 
is the development of a model of the invasion process within GIS that can serve as a decision 
support system, integrating spatially referenced data to solve real world problems and provide 
management options (Cowen 1988). Barot et al. (1999) were able to show that the spatial 
patterns and associations of a savannah palm tree were complex and the consequences of 
these associations were not always obvious. They reported that the pattern of association 
between adult palms and nutrient rich patches masked differences in the spatial distribution of 
male and female palms. 
Lass and Callihan (1993) discuss the linking of global positioning system (GPS) technology 
and GIS for surveying and management of weed infestations. They note that GPS technology 
can accurately locate the boundaries of invasions by not relying on disorientating landscape 
features. GPS also provides the means to input data into a GIS and use it to further analyse 
spatial features of the weed infestation. The production of simple vegetation maps where the 
known distribution of weeds can be visualised in relation to indigenous vegetation can form 
the basis for developing management strategies. Robinson Crusoe Island of the Juan 
Fernandez Archipelago is an oceanic island that has experienced human disturbance and the 
introduction of non-indigenous species to the detriment of its endemic flora and fauna 
(Greimler et al. 2002). The distribution of 17 map units, 15 endemic and introduced 
vegetation communities and settlement and rocks/eroded areas, shows that endemic and 
native vegetation is endangered at all but very high elevations. Bird dispersed woody and 
herbaceous species were the most invasive and unless controlled will alter the endemic forest 
shrub and grassland communities on the island. 
Studies examining the spatial distribution of invasive species with respect to other spatial 
attributes have used this data to generate new insights from the invasion of weed species. 
Higgins et al. (1999) examined the impact of six invasive species on indigenous native 
species in the Cape Peninsula, South Africa, an area of 471 km2. Data for a number of 
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environmental variables were used to model the predicted probability of presence for each of 
their six invasive species. They were able to show that most species would pose a greater 
threat to native plant diversity than a spatially explicit null model based on area alone would 
suggest. 
Using examples from Western Australia Pigott (1999) examines the role of biogeography in 
the study of environmental weeds. The value of adequate spatially referenced data that is 
annotated with details on habitat and status of naturalisation, together with world wide 
climatic and ecological data can provide improved predictive modelling of invasive species. 
Plant invasion at a bioregional scale can highlight trends in weed distributions such as the 
association of invasive species relative to climate, elevation native plant species richness and 
disturbance (Dark 2004). The use of GIS to map and analyse the spatial distribution of 
invasive plants in California highlights a number of factors (Dark 2004). These include a 
positive association between native species richness and the number of alien species, a 
negative association between elevation and the number of invasive species and the 
significance of road density to plant invasion. Pre-existing data sets collected for purposes 
other than weed management can be used to examine regional scale patterns of invasive 
species. Grice et al. (2000) were able to map the current distribution of two invasive species 
within the Dalrymple Shire in northeast Queensland using data collected for a land resource 
survey. Despite being present in the area for approximately 100 years, neither species had 
invaded all suitable sites. Both species differed in their rates of range expansion and their 
current distribution may be the result of the different dispersal methods used by each species. 
Finally, while there is an uneven distribution in both invasive species at the regional scale 
(tens to several hundred kilometres), a reliable view of their distribution at a landscape scale 
(tens to several hundred metres) is not evident. Thus regional mapping across a variety of 
bioregions may provide for comparative analysis, the contribution of environmental factors to 
species invasive success at finer scales also needs to be studied. 
The application of GIS as a management tool should provide targeted responses and 
maximize the use of limited economic resources. A study by Wadsworth et al. (2000) used 
GIS to simulate the spread of two invasive weeds along riparian zones in Durham County in 
the United Kingdom after intervention with a number of weed control methods. Local 
topographic hydrological and land cover data and multiple dispersal mechanisms were 
incorporated to simulated weed spread at the catchment and regional level. They conclude 
that successful control requires the use of strategies based on distribution data for the species 
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involved. The concept of barrier zones and the development of dynamic landscape modelling 
for planning and management of invasive species can be incorporated within a GIS (Sharov 
and Liebhold 1998; Higgins et al. 2000). Stansbury (1998) argues that a model of invasive 
species needs to consider the probability that a region or habitat is suited to successful weed 
establishment. Producing a map of a weeds potential distribution could show probability 
boundaries based on an index developed using various habitat characteristics such as climate, 
soils and topography. 
Data on the extent and potential change in distribution of invasive species using GIS will help 
identify areas that require immediate control measures as well as areas that should be 
monitored closely. Work using GIS has indicated that containing the spread of an invasive 
species may be a reasonable outcome at a regional level (Grice et al. 2000) or at a whole 
ecosystem level (Zavaleta et al. 2001) given the availability of good distribution data 
(Wadsworth et al. 2000). 
2.8 Taxonomy of Asparagus asparagoides 
Asparagus asparagoides (L.) W. Wight, a member of the family Asparagaceae, is native to 
southern Africa being found in the southern and eastern Cape forests and along riverbanks as 
well as in locations in South West Africa and to the north in tropical Africa (Obermeyer 
1984). The generic classification of the family Asparagaceae has undergone a number of 
revisions and is often included in Liliaceae (see Obermeyer 1984; Malcomber and Demissew 
1993) and until recently the botanic name of Myrsiphyllum asparagoides (L.) Willd., was 
recognised for bridal creeper. A re-examination of the classification of the three genera within 
the family Asparagaceae by Malcomber and Demissew (1993) proposed that only one genus, 
Asparagus should be recognised and this is now the preferred generic classification. The 
species A. asparagoides has been known by a number of synonyms and a confusing array of 
common names, as illustrated in Table 2-4 (Obermeyer 1984; Malcomber and Demissew 
1993; Conran 1994; Scott 1995; Parsons and Cuthbertson 2001). 
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Table 2-4. Synonyms and common names for Asparagus asparagoides. 
Synonyms  
Myrsiphyllum asparagoides (L.) Willd.  
M. angustifolium (Mill.) Willd.  
Hecatris asparagoides (L.) Salisb.  
A. medeoloides(L.f.) Thunb.  
Dracaena medeoloides L.f.  
Elachanthera sewelliae F. Mull.  
Luzuriaga sewelliae (F. Mull.) K. Krause  
Medeola asparagoides L.  
Common names  
African bridal creeper  
Bridal creeper  
Bridal veil creeper  
Gnarboola  
Krulkransie  
Narba  
Smilax  
American smilax  
2.8.1 Ecology and life history 
Asparagus asparagoides is a perennial geophyte with an erect or climbing habit that 
reproduces by seed or the growth underground of rhizomes to which tubers are attached. The 
plant can tolerate a wide soil pH range and has been recorded in soils with a pH between 5.9 
and 8.4 (Stansbury 1998). The tuber system can be very extensive forming a dense mat that 
can prevent other species establishing as well as changing the nutrient patterns and litter soil 
dynamics (Raymond 1999). Once seedlings become established in autumn or early winter 
they begin to develop their tuber and branching rhizome system. In Victoria, the plants grow 
quickly from late May and early June and they begin to die down in November. Lush plants 
surviving through December and into January have been observed by the author during 
2002/2003. Their extensive tuberous network allows the plants to survive during the dry 
summers and quickly re-sprout in late February or March (Raymond 1995). 
Small white sweetly scented flowers are produced in August or September, usually after 
several years of vegetative growth and most fruit set arises from self-fertilisation. The fleshy 
round red berries begin to ripen from December through to mid January and are anywhere 
from 5 to 10 mm in diameter and contain up to nine shiny black seeds (Raymond 1995). 
Frugivorous birds are the main seed dispersers; three non-indigenous and nine indigenous 
species have been observed eating the fruit (Stansbury 2001). A further six indigenous species 
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known to be frugivorous are found in areas infested with A. asparagoides but have not been 
observed eating the fruit (Raymond 1999). 
A study by Case (1996) found that for Australia, the number or abundance of exotic bird 
species does not significantly affect native bird species abundance. However, in general, the 
total number of bird species has declined as avifaunas continue to lose their regional 
distinctions (Case 1996). In some habitats the native avifauna is rapidly disappearing. Non 
indigenous bird species may become the dominant avian dispersal vector if the decline of 
native species observed across the agricultural zone of southern Australia continues (Ford et 
al. 2001). This change in dispersal vector and accompanying behaviour traits may result in 
changes to the dispersal and spread of A. asparagoides. 
Seeds of A. asparagoides do not form a persistent seed bank in the soil and those seeds 
deposited under tree canopies are more likely to germinate and establish seedlings than seeds 
deposited in open sites (Raymond 1999). Germination occurs at all temperatures between 10 
and 20º C and passage through an avian gut does not improve germination number, although 
it does result in quicker germination compared to seeds that did not pass through an avian gut 
(Fox and Fox 1986; Raymond 1999). 
2.8.2 History of invasion 
Asparagus asparagoides has been recorded as being naturalised locally in southern Europe 
where it was first introduced as a horticultural specimen in 1702 (Obermeyer 1984) and in 
parts of the United States (Blood 2001) and South America (Parsons and Cuthbertson 2001). 
The first recorded appearance in Australia was as a nursery specimen at Camden Park NSW 
in 1857 and it became progressively available through horticulture throughout southern and 
south-western Australia during the late 1880s. Scott (1995) reported that A. asparagoides was 
first recorded naturalised in South Australia in 1937, in Victoria in 1943 and in Western 
Australia in 1957. The Melbourne Herbarium does contain a Victorian specimen (MEL 
623927) collected in 1932 while Parsons and Cuthbertson (2001) date its first recorded 
naturalisation in Victoria as 1886. Asparagus asparagoides appears to have spread from old 
settlements as a garden escapee and is now well established in the three southern mainland 
states (Scott 1995). It has shown an apparent lag phase of between 20 to 90 years during 
which time it has crossed the boundary from being a sleeper weed to a weed of national 
significance with serious environmental consequences for the ecosystems that it invades 
(Humphries et al. 1991). 
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By the 1960s, A. asparagoides was well established within Victoria, being found mainly in 
coastal areas particularly the Port Phillip Bay coastal regions (Cochrane 2001). It is now 
found throughout most of the State invading grassland, heath land, dry and damp sclerophyll 
forests, mallee shrub land (Blood 2001), coastal and rock outcrop vegetation, warm temperate 
rainforest (Conran 1994), the banks of watercourses, roadsides, citrus groves and orchards 
(Parsons and Cuthbertson 2001). 
2.8.3 Current Victorian distribution 
Climate modelling (Pheloung and Scott 1996; Pigott 1999) and field studies (Stansbury and 
Scott 1999; Stansbury 2001; Meney et al. 2002) have been used to determine the extent and 
rate of spread for A. asparagoides within south-western Western Australia. Figure 26 
indicates the type of output that climate based models can produce using data obtained from 
the home range of A. asparagoides. The resulting map is at a very coarse scale and shows that 
A. asparagoides has the potential to invade a significant portion of southern Australia. The 
result indicates the severe limitations of what initially would appear to provide a reasonable 
starting point for predicting potentially suitable site of establishment. 
 
Figure 26. Predicted probability of potential sites around Australia where A. asparagoides 
could become established using climate based data. The uncoloured areas indicate unsuitable 
sites. Source: (Weiss 2002). 
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Without a full understanding of A. asparagoides ecology and physiological limits, it is 
impossible to adequately predict potentially suitable habitat. For example, if the plants home 
range has been reduced through clearing or if its range is limited by herbivory, the true extent 
of potentially suitable habitat will be underestimated. This would also apply if there are 
natural barriers to dispersal that have prevented expansion into suitable habitat. Many of these 
factors may be preventing expansion into new habitat so the true picture of the plants 
potential range is not clearly understood. The expansion into a wide range of habitat by Pinus 
radiata from its original small area of habitat is important to keep in mind when using a 
species spatial distribution climate-based data for predictive modelling. 
Changing the spatial scale from country-wide down to the state or regional level does help to 
refine predicted potentially suitable sites (Figure 27). Even at this spatial scale, the use of 
climate data still only provides coarse resolution. The resolution of the distribution potential 
can be improved dramatically when a combination of factors such as climate, land use and 
vegetation type is used in the modelling (Figure 28). In this instance the incorporation of 
climate data from regions where A. asparagoides is already established as a weed together 
with home range climate data helps to improve the resolution of the prediction process. 
 
 
Figure 27. The grey squares represent sites in Victoria that satisfy climatic criteria where 
Asparagus asparagoides could become established. Source: (Weiss 2002). 
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Figure 28. Potential establishment sites for A. asparagoides based on climate, land use and 
broad vegetation types. In areas with no colour, climate, soil or land uses are not presently 
suitable and the plant is unlikely to establish. Source: (Weiss 2002). 
While this approach provides for greater resolution at the regional spatial scale there are many 
instances where the predictions fail at the landscape and habitat level. Figure 29 shows the 
area around the western side of Port Phillip Bay and Westernport Bay. The regions with the 
coloured stripes are those areas predicted as potential sites from the model used to generate 
Figure 28. The green coloured spots are the locations where specimens of A. asparagoides 
were collected and lodged as voucher specimens with the Melbourne Herbarium. Three of the 
specimens were collected from sites where a high probability of invasion is predicted. The 
area inside the red boundary represents the approximate boundary of the Bass Coast Shire. 
Data from the shire indicate the areas of known infestation with A. asparagoides at 2002 and 
show that there is a considerable mismatch between actual infestations and areas where a high 
probability of invasion has been predicted. This highlights the problems associated with 
mapping at scales that miss roadsides and other small areas of potential habitat. 
 54
 
Figure 29. At the habitat scale, predicted potential establishment sites miss out on small 
areas of potentially suitable habitat where A. asparagoides is known to be established. 
2.8.4 Control of Asparagus asparagoides invasion 
Herbicide application is a significant control method used for A. asparagoides invasions 
(Meney et al. 2002), although it is not feasible for large infestations or those in remote 
locations or for those areas with sensitive vegetation communities. Given the above 
limitations to herbicide control, a program was begun in 1990 by the CSIRO Division of 
Entomology to identify potential biocontrol agents for use in Australia (Edwards 1996). A 
number of potential agents were identified and currently three agents have been released: a 
leafhopper (Zygina sp. Hemiptera: Cicadellidae), a rust fungus (Puccinia myrisphylli 
(Thuem.) Wint.) and a leaf beetle (Crioceris sp. Coleoptera: Chrysomelidae) (Batchelor and 
Woodburn 2002; Kwong and Holland-Clift 2004; Reilly et al. 2004). However, biocontrol 
agents can only be evaluated for success in hindsight. 
2.9 Conclusions 
Humans and weeds have interacted from the time agriculture became an established practice. 
Since that time there has been a rapid rise in the rate at which biological invasions have been 
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occurring, inevitably aided by human activity. The scientific literature reveals that very few 
generalisations about the process of invasion can be made. While attempts to predict a species 
potential to become invasive and to tease out those factors that make communities invasible 
have had reasonable success, there is now a change in thinking. New research is approaching 
invasion from a process-based framework rather than individual case-by-case species in the 
hope of developing generalisations regarding invasion. 
This review has shown that propagule pressure is an important part of the invasive process. 
The dynamics of seed dispersal involves frugivore behaviour and abundance, habitat 
patchiness and habitat structure. Long distance seed dispersal, the germination of seeds and 
the survival of seedlings to reproductive maturity interact to give rise to new satellite 
populations. The resulting metapopulation dynamics will therefore influence the abundance of 
an invasive species and its persistence. 
The following chapters of this thesis will be concerned with gaining insights into the process 
of bird dispersal of fleshy-fruited invasive species. A case study approach will be undertaken 
at the habitat scale using A. asparagoides as the target plant species. Two patches of remnant 
vegetation set in a rural landscape with a recent history of invasion by A. asparagoides will be 
sampled for a number of vegetative and landscape variables. The data obtained will be 
analysed for any general positive or negative associations with A. asparagoides. The spatial 
characteristics of A. asparagoides within the vegetation patches will also be examined. Data 
from one vegetation reserve will serve as the primary site to generate hypotheses and 
predictive models, while the second reserve will be used as a test to determine if the model 
and hypotheses are valid for an independent site. The next chapter begins with a description 
of the study area and reserve chosen as the primary survey site and follows on with the 
methods used to collect field data before presenting a summary of the data. 
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Among the most interesting phenomena connected with the distribution of plants, are those 
that concern the rapidity with which some species of one country will, when introduced into 
another, rapidly displace the aborigines and replace them. 
(Hooker 1864) 
3.0 Introduction 
Chapter two provides the background for this thesis by highlighting some key points 
regarding invasion by plant species in general and the bird dispersed invasive process in 
particular. The central aim of this research is to examine and explain the behaviour and/or 
characteristics of the invasion process by using a number of spatial analytical tools. As 
highlighted in the previous chapter, quality spatial data for many invasive species is poor or 
non-existent. This has meant that for many species the rate of invasion is generally estimated 
or unknown. Another consequence is that models used to predict invasive species generally 
take a large-scale landscape approach. This discussion uses the areal definitions of Kollmann 
(2000) for landscape and habitat, i.e., landscape - 0.01-1000 km2 and habitat - 10-10000 m2. 
Geographic information systems have been used to map and display the distribution of 
invasive species, particularly at landscape scales. Examples of such work from section 2.7.2 
include Gioia and Pigott (2000), 42500 km2, Grice et al. (2000), 65000 km2 and Higgins et al. 
(1999), 471 km2. A few of these studies have used the visualisation techniques of GIS to 
develop and test new hypotheses, e.g. (Grice et al. 2000; Greimler et al. 2002) or the spatial 
analytical capabilities of GIS to generate new insights into the invasion process (Cocker 2000; 
Wadsworth et al. 2000; Dark 2004). 
Some work has been done at what is the boundary between habitat and landscape scales. For 
example, Dille et al. (2003), compared the performance of four interpolation methods (inverse 
distance weighting, minimum surface curvature, kriging and multiquadratic radial basis 
function) used to estimate weed seedling density from spatial data using two agricultural 
fields (40000 m2 and 150000 m2) in Nebraska. The authors conclude that no particular method 
appears to be superior, although they did find that density was consistently underestimated in 
high-density sections of the field by all of the four interpolation methods. 
Studies that examine the invasive process at habitat scales are few in the literature. In contrast 
to the study by Dille et al. (2003), Rew et al. (2001) found that weed density maps generated 
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using kriging were not accurately or consistently reliable for use with site-specific weed 
control. This study collected data from four agricultural sites ranging in area from 10302 m2 
to 13965 m2. Dietz (2002) investigated the spatial pattern of invasion of herbaceous 
perennials into unfertilised meadows in the Botanical Garden of the University of Michigan. 
The patches investigated ranged in area from 90 m2 to 550 m2. The spatial age structure in 
each invasion patch differed within and between the species under investigation. Interspecific 
differences in plant age and spatial position were attributed to variations in life history, 
particularly seed dispersal or to local site conditions. A follow up study of the same patches 
found that the distinct spatial age pattern present in 1999 for two of the species had mostly or 
totally been lost in 2003 (Dietz 2004), where spatial analysis techniques are only recently 
beginning to be used. Work by Lu and Ma (2005) looked at the relationship of an invasive 
species and native plant diversity in southwest China at two scales, 25 m2 and 400 m2.and 
argue that the change in invasion success from one spatial scale to the next could be indicative 
of a spatial threshold where abiotic factors over ride possible intrinsic biotic factors, although 
they concede that this could be an artefact of sampling at different spatial scales. 
To conduct a detailed spatial analysis at the habitat scale, a comprehensive spatial data set is 
required. The objective of this chapter is to provide the framework for the research by 
identifying those factors that influence the dispersal of the fleshy-fruited weed Asparagus 
asparagoides into a patch of remnant vegetation. The rationale for the selection of appropriate 
factors to survey is presented first. The methods used to collect field data and build a spatial 
data set are detailed next. Finally the data collected are presented and factors that may be 
useful in modelling weed absence and weed presence identified. 
3.1 Factors that influence dispersal of fleshy-fruited 
species 
Table 3-1 indicates various factors that have been used by different researchers in dispersal 
and invasion studies. Once the invasive process has begun, biotic and abiotic factors will 
determine where the dispersal and establishment of new individuals will occur. In the case of 
seed dispersal by avian frugivores, the final site of seed deposition will be the result of two 
interacting factors. First, individual disperser species have varying innate behaviours that 
influence the choice of seed deposition sites and second, landscape variability will impact on 
just how disperser behaviour is expressed. The research design of this thesis will endeavour to 
include some measure of many of the factors outlined in Table 3-1. 
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Table 3-1. Data types used by various authors in dispersal and invasion studies. 
Author Biotic Attributes Abiotic Attributes Spatial Influences 
(Kollmann 2000) Vegetation classes Land use Land patterns 
(Herrera 1998) Bird species Climate  
(Alcántara et al. 
2000) 
Shrub species with dense 
foliage 
% Cover / open sites 
 Microhabitat location 
(Stohlgren et al. 
2001) 
Native species richness 
Native species cover 
Soil nitrogen 
 
Environmental 
heterogeneity 
(Alpert et al. 2000) Community structure   
(Lavorel et al. 
1999b) 
Host tree population 
dynamics i.e. 
metapopulations 
 Landscape mapsCoarse 
scale: bird territories 
Fine scale: individual trees 
in each territory 
(Grice et al. 2000) Vegetation Topography 
Geology & Soil types
 
(Panetta and 
Sparkes 2001) 
Leaf litter component Leaf litter component  
(Lange and 
Reynolds 1981) 
Species composition 
Associations with natives 
& exotics 
  
(Fuentes 2000) Open & covered habitat   
(Horvitz and Le 
Corf 1993) 
Clumping - seeds at 
perching sites or:  
Suitable habitats for 
recruitment are rare 
Suitable habitat 
arrangement 
(Cain et al. 2000) Vegetation remnants Land use  Environmental 
heterogeneity 
(Willson 1993) Recruitment foci Germination & 
establishment needs 
Distribution of safe sites in 
available habitat 
(Nathan and 
Muller-Landau 
2000) 
Vegetation structure - 
Recruitment foci - 
vegetation 
Recruitment foci  
fences, powerlines 
 
(Parker et al. 1999) Abundance  Areal extent  
(Mack and 
D'Antonio 1998) 
Other invaders act as 
agents of further change 
Land use & Roads 
Anthropogenic 
disturbance 
Patterns of land use 
Road networks 
(Prieur-Richard and 
Lavorel 2000) 
Vegetation diversity: 
Ecological 
Functional group 
  
(Knops et al. 1999) Vegetation: 
Species richness  
  
(Higgins et al. 
1999) 
 Rainfall 
Elevation & Slope 
 
(Pyek 1998a)  Anthropogenic 
elements 
Location: Cities-sources of 
invading plant species 
(Davis et al. 2000)  Disturbance: natural 
anthropogenic 
 
    
 60
3.1.1 Frugivore behaviour 
The spatial pattern of dispersed plant populations will depend on seed dispersers and seedling 
mortality (Wenny 2000) as well as pre- and post-dispersal predation of seeds (Janzen 1970). 
Departures from the ideal seed shadow and therefore the spatial pattern of dispersed plant 
populations will also occur because of frugivore behaviour. In the case of rare long distance 
dispersal events, the result of long distance dispersal in most cases cannot be directly 
observed but is inferred (Kollmann 2000) from the spatial pattern of a population. Different 
species will prefer different microhabitats that in turn will have different outcomes on plant 
recruitment independent of the number of seeds that are dispersed since every frugivore 
species has a species-specific pattern of seed delivery that, to the extent microhabitat patches 
differ in suitability for plant recruitment, will largely control variation in the quality of 
dispersal (Jordano and Schupp 2000). This study will not attempt to identify individual avian 
frugivore species responsible for the dispersal of A. asparagoides. Rather this study will look 
at the overall impact that a multi-species avian dispersal vector has on the invasive process 
within the study site, while being mindful of the fact that no individual species is necessarily 
the primary dispersal vector. 
Components of frugivore behaviour that result in the generation of a seed shadow include 
foraging patterns, such as the number of visits to a plant, and post-feeding activity. Thus avian 
dispersers will deposit different numbers of seeds in a variety of microhabitats. This will have 
two effects: either shaping the final spatial distribution of seedlings or limiting their 
recruitment by depositing large numbers of seeds in unsuitable locations (Rey and Alcántara 
2000). This study will use the spatial distribution of seedlings and reproductive adult plants 
by incorporating the spatial location for all of the data collected within the study site. 
3.1.2 Landscape elements influencing frugivore behaviour 
A variety of landscape elements has been shown to influence avian frugivore behaviour and 
possibly the size of avian frugivore populations (Kollmann and Schneider 1999). Factors 
include: 
• The presence or absence of covered microhabitats (Godoy and Jordano 2001). 
• The type and number of perching elements present (Galindo-González et al. 2000). 
• The presence of isolated trees that act as recruitment foci or regeneration nuclei 
(Kollmann and Schneider 1999). 
 61
• Riparian zones and remnant vegetation patches (Ford et al. 2001). 
• The presence of forest edges and various types of adjacent land-use (Kollmann and 
Schneider 1999). 
Studies of frugivores and the dispersal of seeds of indigenous plant species in natural 
ecosystems are biased towards tropical and neotropical environments and fruit bearing trees. 
While studies on frugivore dispersal have been undertaken within temperate environments 
(Izhaki et al. 1991; Herrera 1998; Lavorel et al. 1999b), such studies are similarly biased 
towards tree and shrub species. Such bias may be a legacy of the early work by Janzen (1970) 
and Connell (1971) that examined the mechanisms leading to the large number of tree species 
in tropical forests. This study, however, will use A. asparagoides, a perennial climbing herb, 
to investigate the phenomenon of dispersal and invasion into a remnant vegetation patch. 
To complete the goals of this study, therefore, requires an examination of both biotic factors 
(native species cover, vegetation structure, ground cover, presence of recruitment foci) and 
abiotic factors (land use, topography, soil attributes, and anthropogenic elements such as 
roads and tracks). In this study, data for these two classes of factors were obtained for a 
simple study area using a combination of field-based subjective and objective measures 
coupled with technologically based data acquisition and storage techniques. These data were 
then collated into tables and/or mapped for visual data exploration and the results discussed in 
light of previous work by other researchers. These steps are described in the following 
sections. A description of spatial analysis and model construction using this data set can be 
found in subsequent chapters. 
3.2 Methods 
3.2.1 Introduction 
The selection of an appropriate study site is an important factor in obtaining data required to 
meet the objectives of this chapter. A suitable site for this study was deemed to be a patch of 
remnant vegetation that meets the criteria listed in Table 3-2. The requirement for paths and 
tracks was seen as providing an element of anthropogenic impact within the remnant 
vegetation as distinct from any outside anthropogenic elements such as land use and roads. 
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Table 3-2. Criteria for selection of a suitable site for this study. 
Site Criteria Reason for selection Selected references 
Located in a 
heterogeneous rural 
landscape 
Environmental heterogeneity 
Land use pattern 
Road networks 
(Cain et al. 2000; Stohlgren et al. 2001) 
(Kollmann 2000) 
(Pyek 1998a) 
Contain access 
tracks and paths 
Anthropogenic elements (Mack and D'Antonio 1998) 
(Pyek 1998a) 
Recently invaded by 
A. asparagoides 
Examining early stages of 
invasion 
 
3.2.2 Site selection 
Location of the study site is within the Bass Coast Shire approximately 100 kilometres to the 
south east of Melbourne. The Shire includes both the Bass Valley and Phillip Island, a rural 
region covering 865 km2 and whose economic activity is primarily concerned with grazing, 
agriculture and tourism. 
Phillip Island (Latitude 38.5°S, Longitude 145.26°E) covers an area of 100 km2. Tertiary and 
Quaternary sedimentary deposits form the main geological units on Phillip Island with 
outcrops of volcanic rocks (Douglas and Ferguson 1988 p. 413-414). The Island has a strong 
tourist focus along with cattle and sheep grazing. Interspersed among the agricultural and 
urban areas are patches of fragmented vegetation and natural reserves, some of which come 
under the control of Parks Victoria. Parks Victoria is the state government body responsible 
for the management of a diverse range of significant areas of native vegetation in Victoria. 
Phillip Island has an active Landcare group with a strong focus on weed and feral animal 
control and revegetation in association with landholders. Phillip Island Nature Park is the 
responsible body that manages a large colony of fairy penguins (Eudyptula minor Forster) on 
the south-western coast, the Koala Conservation Centre, and a number of wetland and bush 
reserves. The site chosen for this study is the Oswin Roberts Koala Reserve, located in the 
northeast corner of Phillip Island (Figure 31); the Oswin Roberts Koala Reserve will be 
referred to as ORR throughout the rest of this thesis. In addition, data were collected from 
sections of Rhyll Swamp that are adjacent to the south eastern boundary of ORR as well as 
the pasture on the remaining eastern boundary and the pasture on the adjacent western 
boundary. 
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Figure 31. Oswin Roberts Koala Reserve on Phillip Island. The red star in the inlaid map 
shows the vicinity of Phillip Island in Australia. 
3.2.3 Oswin Roberts Koala Reserve 
In 1958, Florence Oswin Roberts donated 61 hectares covered largely by mature manna gums 
for use as a koala (Phascolarctos cinereus Goldfuss) reserve (CoM 1964). Vegetation at the 
time probably consisted of pasture grasses under manna gums (Eucalyptus viminalis Labill.) 
and it is most likely that the whole block had been used for grazing up until it was donated 
(Campbell 2003). This land was added to existing remnant vegetation, giving a reserve with a 
total area of 110 hectares (or 182 hectares if the Rhyll Swamp is included). The western edge 
and a large area in the north of the block were planted with Monterey pine (Pinus radiata) in 
1963/64 mainly as wind protection for revegetation works (CoM 1964). Some of the more 
common plant species within ORR include trees such as swamp paperbark (Melaleuca 
ericifolia Sm.), manna gum (E. viminalis), swamp gum (E. ovata Labill.), messmate (E. 
obliqua L'Herit.), strap foliage plants such as Lepidosperma spp, Gahnia spp, Lomandra spp 
and bracken fern (Pteridium esculentum (G. Forst.) Cockayne). The most common indigenous 
tussock forming grass species is Poa poiformis (Labill.) Druce. 
Revegetation planting involving many community groups has occurred at various places 
throughout ORR. Revegetation methods used include exclusion coups (both actively planted 
and left to recover free of grazing) and individually guarded plants (A. Reed, Pers. Com.). 
Oswin Roberts Reserve now shares its western boundary with sheep (Ovis aries L.) and cattle 
(Bos taurus L.) pasture and its eastern boundary with cattle pasture. The southern extent of 
ORR borders Harbison Road and the northern edge borders the Cowes-Rhyll Road. 
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Oswin Roberts Reserve, with its bounding pasture and roads, contains a number of 
heterogeneous landscape elements and provides a suitable site for the present study. The ORR 
and its public access tracks represent a managed remnant native vegetation patch with 
agricultural elements consisting of grazing by sheep and cattle as well as edge effects induced 
by the pasture and road elements. The ORR also represents a site where A. asparagoides 
invasion is a relatively recent phenomenon. The precise year that A. asparagoides first arrived 
in ORR is uncertain although a number of local landholders began to notice it in the area near 
ORR in 1997. Ashley Reed, senior ranger for the Phillip Island Nature Park, assumed 
management responsibility for ORR in 1996 and did not recall seeing it until a year or two 
later. Park management were definitely spraying A. asparagoides by 1999. 
3.3 Field data 
3.3.1 Quadrat locations 
The location of A. asparagoides together with a number of landscape attributes were recorded 
in the field for a sample of quadrats located using a Global Positioning System (GPS). Data 
collection involved a systematic sampling of the study site using a regular grid of 20m x 20m 
quadrats spaced 125m apart. The first 25 quadrats were measured out using a 30m tape while 
the remainder were paced out. Quadrats are a widely employed sampling technique used to 
collect quantitative data such as counts and measurements of individuals within a plant 
community (Cox 2002, p. 61). The quadrat size was chosen to complement the collection of 
landscape attributes (to be discussed in section 3.3.4). 
The grid layout enabled a comparatively large area of approximately 330 hectares to be 
sampled within a reasonable time. The fieldwork took place between June 2002 and 
September 2002 (May 31st; June 3rd, 12th, 14th, 17th, 21st and 24th; July 1st and 2nd; August 2nd, 
5th and 6th and September 19th). A preliminary examination of the data indicated some trends 
within ORR, however, a larger data set would provide better resolution for the production of 
maps of the reserve. A further series of quadrats was recorded within the boundary of ORR on 
November 8th, 11th, 14th and 18th, 2002. Figure 32 illustrates the spacing between the first 
series of quadrats and the subsequent positioning of the second series of quadrats. This 
increased the intensity of sampling without wasting effort on adjoining pasture where A. 
asparagoides was obviously absent. 
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Figure 32. Spacing of quadrats a) during the initial fieldwork and b) subsequent fieldwork. 
As a result of the systematic layout used, further quadrats could be added between existing 
quadrats bringing the total number of quadrats sampled to 410. The final spacing between the 
majority of quadrats in ORR was approximately 62.5m. Some areas, e.g. along the boundary 
between ORR and pasture, were surveyed more intensely and quadrat spacings are closer than 
62.5m (Figure 33). 
 
Figure 33. Location of quadrats within ORR and pasture adjacent the study site. 
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The addition of this second data set to the data set collected earlier was justifiable because of 
the growth pattern of A. asparagoides. All plants would have been visible in the first 
sampling period and the increase in foliage area between the first and second set of quadrats 
would have been small. The difference in the mean foliage cover of A. asparagoides, µ1 and 
µ2, for the two collection periods was assessed using a t-test to determine whether or not they 
came from the same population. This test showed no difference in the means, indicating that 
the data could be combined and analysed together. 
The initial quadrat position for generation of the regular sampling grid was located using the 
1:25000 Phillip Island Special topographic map sheet. The coordinates for nearest intersection 
along the northern boundary of the site were read off the topographic map and rounded to the 
nearest 25m. The first number from a 1-100 random number table (generated in Excel using 
the RAND command) was added to the intersection coordinates. The Easting and Northing 
values for this initial quadrat were entered into a spreadsheet and each subsequent quadrat 
location was calculated based on an initial separation between quadrats of 125 metres. This 
dataset enabled each quadrats coordinates to be located in the field using a portable GPS 
receiver. 
A portable GPS receiver, the Trimble GPS Pathfinder Pro XRS and the handheld TSC1 data 
logger (Trimble 2001) were used to collect and record the quadrat location and associated 
vegetative and landscape attributes (to be described in the subsequent section on Field Data) 
in the field. The GPS receiver used real-time differential correction in order to improve 
positional accuracy, which removed the need to post-process the data. In differential 
correction, a reference signal from a fixed and known location is compared with the location 
being received by the roving GPS and the difference in position between the two is used to 
correct the position being recorded by the GPS. The reference signal used while in the field 
came from Cape Shank, the closest available reference station located approximately 33 
kilometres west of the field location. The next closest station is located in Melbourne at 85 
kilometres northwest of the study location. Such receivers are capable of sub-meter accuracy 
(Trimble 2001), although this was not achievable during the field work at ORR because of 
satellite signal interference by the tree canopy. 
In order to gauge the variability of recorded positions from the desired position, the location 
of an easily identifiable field control point (i.e., a fence post) was recorded during the first 
dozen times in the field. All recorded positions were found to be within 1.2 to 2.7 metres of 
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each other (Figure 34). This variability in quadrat position was not deemed to impact 
significantly on subsequent analysis. 
 
 
 
 
 
 
 
 
Figure 34. The spread of recorded positions for the field control point (yellow dots). 
All positions were recorded as Eastings and Northings using the Australian Geodetic Datum 
1966 for the Australian Map Grid Zone 55. GPS position errors were kept to a minimum by 
ensuring that: 
• A minimum number of four satellites were available while a quadrat location was 
recorded. 
• Satellites were distributed spatially in an appropriate manner. The PDOP (Position 
Dilution of Precision), (a unitless measure of the current satellite geometry) was held at 
six or less as recommended by the receivers manufacturer (Trimble 2001). 
• Only satellites that were 15° above the horizon were used in the position calculations. The 
GPS signal must travel a greater distance through the atmosphere when satellites are low 
on the horizon, thereby causing greater probability of error due to atmospheric refraction. 
• The SNR (signal-to-noise ratio) mask was left at the manufacturers (Trimble 2001) 
default value of 6 or more. SNR is a measure of the satellites signal strength relative to 
the background noise. In some areas with a dense tree canopy, the signals were poor. To 
overcome this, the GPS was placed high into the nearest tree and the position was 
subsequently recorded. Raising the GPS would only impact on the recorded height value, 
which was not important for this study. 
2.7m 
1.2m
NOT TO SCALE 
N 
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The collected data were then input into a Geographic Information System (GIS) for 
subsequent display (as maps) and exploratory data analysis using the software described 
below. 
3.3.2 Software 
A number of utilities (Quick Plan, Data Dictionary, Data Transfer and Export) in the 
GPS Pathfinder Office software package (Trimble 2002) were used for this study. Satellite 
geometry is a known quantity and the PDOP and number of satellites can be calculated for 
any given 24-hour period. Before each field trip was made, the Quick Plan utility was used 
to determine the number of satellites that would be visible and the PDOP value. This enabled 
forward planning for the best time to be in the field to minimise position error during data 
collection. An electronic data sheet (see appendix for hard copy example) was written for use 
in the GPS data logger using the Data Dictionary utility and data could be transferred 
between the data logger and PC using the Data Transfer utility. The GPS data logger collects 
and stores spatial data in a proprietary format (GPS Pathfinder Office) that could then be 
exported for use in a variety of GIS packages. For this study data were exported as shape files 
for analysis and display using the ArcView 3.2a GIS software package (ESRI 2000). 
3.3.3 Quadrat sampling 
In studying invasion by any plant species the use of presence/absence data for each sample 
provides a limited amount of information since equal weight is given to the presence of a 
single plant compared with many individuals within the quadrat. A continuous approach that 
includes a measure of an organisms magnitude would be useful in determining whether or 
not A. asparagoides can successfully establish reproductive individuals in a habitat. This 
approach may possibly provide evidence of marginal or suitable habitat preferences or 
particular landscape and vegetation associations. Herein the Braun-Blanquet cover scale 
(Mueller-Dombois and Ellenberg 1974) was used to estimate vegetation cover abundance for 
both native species and A. asparagoides for each 20m x 20m quadrat location. 
The Braun-Blanquet method is a simple field technique that is quick, provides a crude and 
reliable estimate of quantity (Mueller-Dombois and Ellenberg 1974) and can be used with 
quadrats that are randomly, regularly or subjectively established (Barbour et al. 1999). The 
Braun-Blanquet method also provides extra flexibility as the data set can also be reduced for 
presence/absence analysis, a technique extensively used in applied ecology (Manel et al. 
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2001). Therefore a quadrat of 400m2 provided for an extensive sampling strategy that was 
relatively quick and repeatable and enabled the use of the site concept (to be described in the 
following section) for the collection of a variety of associated landscape attributes (McDonald 
et al. 1990b). The Braun-Blanquet method will be covered in greater detail in the section 
describing vegetative attributes. 
3.3.4 Landscape attributes 
The site concept is the term applied to a segment of landscape as defined by Speight and 
McDonald (1990 p. 4) that can be used for the rapid field assessment of a variety of well 
defined landscape types and elements as well as vegetation attributes. The concept was 
developed in order to set a recognised standard for the conduct of land and soil surveys by 
land managers in Australia. An assessment and description of landform element attributes is 
made for an area of land covered by a circle 20 metres in diameter. Since a 20-metre diameter 
circle will fit within the boundary of a quadrat of 20m x 20m in size, the collection of both 
landscape and vegetative attributes could be recorded concurrently. For each quadrat a 
number of landscape attributes were recorded (Table 3-3). 
Table 3-3. Landscape attributes recorded for each 20m x 20m quadrat. 
Landscape Attribute Metric Author 
Aspect/ Bearing To the nearest 10° (McDonald et al. 1990a) 
Slope   
                   Class: Level to Cliffed (Speight 1990 p. 12) 
                   Form: Crest to Closed Depression (McDonald et al. 1990a p. 88) 
Disturbance Natural through Highly 
Disturbed 
(McDonald et al. 1990a) 
   
Perching Element  (Willson 1993) 
              Number: None, Single, Multiple  
              Type: Tree, Fence, Power Line  
   
Soil pH (CSIRO 2002) 
Litter Depth Centimetres (Panetta and Sparkes 2001) 
Ground surface % Cover of: Bare ground, 
Litter, Rocks 
 
Aspect or Bearing was recorded for all slopes > 1° using a magnetic compass and rounding off 
to the nearest ten degrees. A clinometer was used to measure slope in degrees over a distance 
of 20m. This measurement was used to assign each quadrat to a Slope Class ranging from 
Level through to Cliffed as defined by Speight (1990 p. 12). A morphological or Slope 
Form from Crest through to Closed Depression was also assigned (McDonald et al. 1990a 
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p. 88). The degree of disturbance was assessed using the broad disturbance classes of 
McDonald et al. (1990a). The percentage of the ground surface that had no vegetative ground 
cover was assessed by eye. Litter depth was measured at two to three points using a steel ruler 
and averaged. 
A number of the studies reported in Table 3-1 identified the importance of roosting sites for 
some avian (and primate) dispersers. Within this study area a number of trees had been 
observed with A. asparagoides growing at the base (Figure 35) so a description of perching 
elements were included in the data collection. Perching Elements were identified and their 
number, type and height were recorded for each quadrat. A Perching Element was defined as: 
Live tree, Dead tree, and Fence wire or overhead power and/or telephone line. The number of 
Perching Elements was recorded as None, Single and Multiple. 
 
Figure 35. An example of A. asparagoides growing at the base of a large tree in ORR. 
Soil pH was measured using the Inoculo Soil pH kit (CSIRO 2002). Samples of soil from at 
least 40mm below the surface were taken from three spots within the quadrat and mixed 
together for testing. The test for soil pH was conducted for every fourth or fifth quadrat. 
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3.3.5 Vegetative attributes 
Many of the vegetative attributes reported in the literature deal with some aspect of vegetation 
structure: shrub species with dense foliage, the percentage of vegetation cover compared with 
the percentage of open areas, the mix of indigenous plant species and their association with 
non indigenous plant species. 
For this study, a proportion of the vegetative attributes examined were based on the structure 
of the vegetation throughout the study site. Vegetation structure was deemed to contain a 
combination of up to three distinct vegetation layers: Overstorey, Understorey and Ground 
(Walker and Hopkins 1990 p. 65). For each quadrat the number of vegetation layers present 
was recorded. Then the Habit or growth form and height of the dominant species of the tallest 
layer were recorded. For example, pasture quadrats would usually have one layer, Ground 
cover. Therefore the Habit of this layer is recorded as Sod grass, with a height of 0.6 metres. 
Figure 36 illustrates some of the possible vegetation layer combinations recorded during the 
fieldwork. 
 
Figure 36. An example of two combinations of vegetation structure: 
a) Two vegetation layers, Ground and Understorey. b) All three vegetation layers present. 
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The heights of trees and shrubs were determined using a clinometer and trigonometry. A table 
containing distance, angle and height combinations was generated in a spreadsheet and taken 
in the field. For a set distance the target was sighted through the clinometer and the angle 
measured was used to read a height value off the field sheet. The distance from the ground to 
the observers eye level was added and this was recorded as the target height. 
The abundance or percentage vegetation cover for A. asparagoides and all weed species for 
each quadrat, was estimated by eye using the Braun-Blanquet cover abundance scale 
(Mueller-Dombois and Ellenberg 1974). The Braun-Blanquet cover scale was also used to 
record total native species abundance as well as abundance of natives within the individual 
vegetation layers (Overstorey, Understorey, Ground) for each quadrat. The flexibility of the 
Braun-Blanquet method can be seen in Table 3-4. The scale can be expressed using a single 
number, a phrase, a range of percent cover or a mean value of percent cover. In any analysis 
where the Braun-Blanquet cover scale was used, the code values recorded in the field were 
converted to mean percentage cover before beginning analysis. However, values of 3% or less 
were treated with caution, as they do not represent the high precision implied by the 
conversion. 
Table 3-4. Braun Blanquet cover scale Modified from (Mueller-Dombois and Ellenberg 
1974; Barbour et al. 1999). 
Cover Class Percent Cover 
Code Description: number of individuals Range Mean 
5 Any number, cover more than ¾ of quadrat 75-100 87.5 
4 Any number, with ½ to ¾ cover 50-75 62.5 
3 Any number, with ¼ to ½ cover 25-50 37.5 
2 Very common, with 1/20 to ¼ cover   5-25 15.0 
1 Common, < 1/20 cover or scattered with cover up to 1/20   1-5   3.0 
+ Few with small cover <1   0.5 
r Rare, solitary with small cover <<1   0.25 
Figure 37 provides a graphical example to demonstrate the use of the Braun-Blanquet 
method. For a square quadrat the observer imagines the appearance of the vegetation from an 
aerial view making note of which plant species, vegetation layers or other features for which 
an estimate of cover is required (Figure 37a). With the individual components (Figure 37b) 
identified, the area covered by each component is estimated by eye (Figure 37c). 
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a) Aerial view of the vegetation in a quadrat 
 
b) Ground component 
 
Understorey component Overstorey component 
 
c) Cover range 25-50% 
 
   Cover range 5-25% 
 
    Cover range >75% 
Figure 37. Overview of the Braun-Blanquet method: a) Vegetation contained within 
boundary of a quadrat, b) Distribution of individual vegetation components, c) Cover of each 
component as a percentage of total quadrat is estimated by eye. Areas of the individual 
rectangles correspond to 1/2, 1/4 and 1/20 of the quadrat area. 
Crown type or openness (for overstorey species) and foliage percentage cover (for forbs and 
grasses) and cover classes (for woody species) were also recorded for each quadrat. The 
schema proposed by Walker and Hopkins (1990 p. 68 & 71) was used. Crown type provides 
an indication of how opaque the overstorey is and is used in this study as a surrogate for the 
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amount of light entering the vegetation layers. It is recorded as percent Crown cover. Table 
3-5 provides a summary of the vegetative attributes that were recorded for each quadrat. 
Table 3-5. Vegetation attributes recorded for each 20m x 20m quadrat. 
Vegetative Attribute Metric Author 
Vegetation Structure Number of Layers  
   
Height: tallest layer Metres (Walker and Hopkins 1990) 
Habit: tallest layer Category (Walker and Hopkins 1990 p. 65) 
   
Native species: Total Percent Cover (Mueller-Dombois and Ellenberg 1974) 
Overstorey   
Understorey   
Ground   
Crown type Category & % Cover (Walker and Hopkins 1990 p.71) 
Foliage Cover Percent Cover (Walker and Hopkins 1990 p.68) 
   
Weed species: All Percent Cover (Mueller-Dombois and Ellenberg 1974) 
A. asparagoides Percent Cover (Mueller-Dombois and Ellenberg 1974) 
3.3.6 Age of Asparagus asparagoides plants 
Clumps of A. asparagoides may have arisen from one or several seedlings and their age 
cannot be determined precisely. However, based on the appearance of tubers retained on the 
rhizomes, it is possible to obtain an approximate age. The appearance of one-year-old tubers 
is white, and year two tubers are brown. Tubers older than three years generally appear dark 
and shrivelled (Figure 38). Plants germinated in a pot were observed to develop small white 
tubers within two to three months after germination. Figure 39 shows an example of a two-
month-old plant with the beginnings of a small tuber. 
Given the known recent arrival of A. asparagoides at this site, it is a reasonable assumption 
that high A. asparagoides foliage cover indicates where plants have been established longest. 
Mapping A. asparagoides density beginning with the highest mean cover densities and then 
adding lower mean cover densities should be equivalent to monitoring the temporal progress 
of the invasion. This assumption could fail if density remains low in some quadrats over an 
extended period due to herbivory or sub-optimal growth conditions. As a test of the assumed 
age/density relationship, in quadrats where mean density was rated as three percent or less, 
plants were dug out and the tubers examined to determine approximate age. 
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Figure 38. The appearance of tubers at various plant ages. From left to right, dark shrivelled 
appearance greater than three years old, brown tuber two years old and white tuber at one year 
old. Each division on the scale is one centimetre. 
 
 
 
 
 
 
 
 
 
Figure 39. Tuber appearance on a plant two months after germination. Each division on the 
scale is one centimetre. 
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3.4 Site characteristics 
Before any analysis was undertaken it was necessary to establish whether the data collected at 
two different periods of time for two different sets of quadrats could be combined into one 
data set. The percent cover of A. asparagoides in the first series of quadrats was compared 
with the percent cover of A. asparagoides in the second series of quadrats using a two-sample 
t-test and assuming equal variance. The results for the t-test (t = 0.583 < t critical of 1.97) 
indicate that the means, µ1 and µ2, for the two samples are similar and come from the same 
population. Hence these data can be analysed together. 
Not all the results for the data collected are reported here since a number of the variables did 
not provide any new insights. This aspect will be examined further during the development of 
a logistic regression model for A. asparagoides in chapter six. For example, height of the 
tallest vegetation layer and height of the tallest perching elements have similar means, 
medians and standard deviations. This would imply that the tallest vegetation layer is also the 
same height as the tallest perching element in any given quadrat. Similarly, soil pH was 
measured in 116 quadrats and showed little variation (range: 5.9-6.5, standard deviation 0.3) 
across the whole study site. This pH is within the physiological range (6.0  8.3 +/- 0.1) for 
the successful establishment of A. asparagoides (Stansbury 1998). Since the pH hardly 
changes and A. asparagoides clearly establishes and grows in many places within the study 
site, it is highly unlikely that pH will be informative. The means, medians and standard 
deviations for a number of landscape and vegetative variables are shown in Table 3-6. 
Table 3-6. Mean, median and standard deviation for a number of landscape and vegetative 
variables, n = 410 except where noted. 
Variable Mean Median Std dev 
Litter depth  (cm) 0.64 0.5 0. 8 
Tallest Stratum (m) 6.6 7.9 5.8 
Tallest perching element (m) 6.5 7.9 5.7 
Crown cover (%) 33.9 45.0 25.4 
Native species cover (%) 41.0 62.5 32.0 
Overstorey Cover (%) 26.4 15.0 26.9 
Understorey Cover (%) 18.9 3.0 24.7 
Ground Cover (%) 51.0 62.5 31.0 
Soil pH* 6.2 6.0 0.3 
         *116 QUADRATS 
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3.4.1 Landscape attributes 
The categorical variable Slope Form occurred as either a Simple slope (42%) or Flat (54%) 
with the rest of the quadrats scattered across six other morphological Slope Forms (Table 
3-7). Slope Classes fell into three main categories, Level (56%), Very Gently Inclined (20%), 
and Gently Inclined (18%). These three categories contained slope values in the range 0 ° - 5° 
45′ while in the Moderately Inclined slope category (6% of quadrats) slope values averaged 
10°. Only one quadrat was recorded as having a slope value in the range 19 ° to 30 ° (Table 
3-8). Since 42% of quadrats were Flat and 94% of quadrats had a slope value of between 0 ° - 
5° 45′, there is little variation in topography, eliminating the need to include Slope Form and 
Slope Class in any subsequent analysis. In summary, the relative uniformity of slope 
characteristics suggests that it is unlikely that landform and slope will influence the 
distribution of A. asparagoides within the study site. 
Table 3-7. The number of quadrats with various Slope Forms and associated presence of A. 
asparagoides for each given slope category. 
Slope Form 
Crest 
Simple 
slope 
Upper 
slope 
Mid 
slope 
Lower 
slope Flat 
Open 
depression 
Closed 
depression 
# Quadrats 1 172 5 1 2 223 4 2 
% Total 0.2 42 1.2 0.2 0.5 54.4 1 0.5 
A. asparagoides         
% Present 100.0 32.0 20.0 0.0 50.0 37.2 50.0 0.0 
 
Table 3-8. The number of quadrats with various Slope Classes and associated presence of A. 
asparagoides for each given slope category. 
Slope Class 1- Level 2- Very Gentle 3- Gentle 4- Moderate 5- Steep
# Quadrats 231 81 73 24 1 
% Total 56.3 19.8 17.8 5.9 0.2 
A. asparagoides      
% Present 36.8 25.9 38.4 37.5 0.0 
The Level of Disturbance classes for the site are spread across eight categories: Natural - No 
disturbance (17%), Natural-grazed by hoofed animals (46%) while the remaining quadrats 
(37%) ranged from Extensive Clearing through to Highly Disturbed (Table 3-9). These 
categories were collapsed into three broad groups: 
1. Natural, 
2. Natural with grazing and 
3. Disturbed. 
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Table 3-9. Disturbance levels and associated presence of A. asparagoides. 
Disturbance      None 
           grazing 
     Clearing 
limited   extensive Cleared 
   Cultivated 
rain  irrigated  
Highly 
disturbed 
# Quadrats 68 176 9 59 42 41 4 11 
% Total 16.6 42.9 2.2 14.4 10.2 10 1 2.7 
A. asparagoides         
% Present 61.8 45.5 66.7 6.8 0.0 0.0 100.0 63.6 
When the disturbance categories are collapsed (Table 3-10), the data show that 92% of the 
quadrats classified Disturbed did not contain A. asparagoides. 
Table 3-10. Collapsed disturbance levels. 
Level of Disturbance 1 - None natural 2- Limited clearing 3 - Disturbed
# Quadrats 68 185 157 
% Total 16.6 45.9 37.5 
A. asparagoides    
% Present 61.8 47.3 7.8 
Perch Type (Table 3-11) for all quadrats fell mainly into two categories, None at 27% of the 
total number of quadrats and Live Tree at 65% of the total number of quadrats. Less than one 
percent of quadrats with no perches contained A. asparagoides. Also of interest is the 
observation that 50% of quadrats with Live tree had A. asparagoides present but only 25% of 
quadrats with Dead tree. 
Table 3-11. Perch Type and associated presence of A. asparagoides. 
Perch Type 1- None 2- Live tree 3- Dead tree 4- Fence 5- Power line
# Quadrats 111 268 4 24 3 
% Total 27.1 65.4 0.9 5.9 0.7 
A. asparagoides      
% Present 0.9 50.4 25.0 16.7 66.7 
Multiple perches were recorded in two thirds of quadrats (Table 3-12) with A. asparagoides 
recorded as present in half of the quadrats. Only four quadrats were recorded as having perch 
number as Overhanging. Since there was no record made in the field to distinguish between 
single and multiple overhanging perches and the fact that these quadrats represent one percent 
of the total number of quadrats, the four quadrats were scored Not Applicable (NA). 
Table 3-12. Perch Number and associated presence of A. asparagoides, n = 406. 
Perch Number 1 - None 2 - Single 3 - Multiple 4 - Overhanging 
# Quadrats 111 25 270 NA 
% Total 27.1 6.1 65.8 1 
A. asparagoides     
% Present 0.9 12.0 51.1 25.0 
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3.4.2 Vegetation attributes 
Just over half of the quadrats (53%) had three layers of vegetation, 16% had two layers and 
31% consisted of a single layer. Less than one percent of quadrats with a single vegetation 
layer recorded the presence of A. asparagoides (Table 3-13).  
Table 3-13. Vegetation layers and associated presence of A. asparagoides. 
Number of Vegetation Layers 1 2 3 
# Quadrats 126 65 219 
% Total 30.7 15.9 53.4 
A. asparagoides    
% Present 0.8 40.0 53.0 
The distribution of the number of vegetation layers across the study site is shown in Figure 3
10. Quadrats with two or three vegetation layers are scattered across the reserve while there 
are a few quadrats with two and three vegetation layers within the pastures where the 
landholder has fenced off remnant vegetation. 
 
 
Figure 310. Number of vegetation layers across the study site. 
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In just over two thirds of the quadrats, the plant Habit (or form) of the tallest vegetation layer 
were Trees with the presence of A. asparagoides in 50% of quadrats with Trees. Sod and 
Tussock grasses were recorded as the plant habit of the tallest vegetation layer in 30% of 
quadrats with Shrub Ferns and Sedges as the plant habit of the tallest vegetation layer for the 
remaining three percent of quadrats (Table 3-14). No A. asparagoides was found in any 
quadrat containing Sod grass. 
Table 3-14. Plant habit of tallest vegetation layer and associated presence of A. asparagoides. 
Habit of Tallest 
Stratum 
1-Tree 2-Shrub 3-Fern 4-Sedge 5-Tussock 
grass 
6-Sod grass 
Quadrats 273 1 7 3 7 119 
% Total 66.6 0.2 1.7 0.7 1.7 29 
A. asparagoides       
% Present 50.9 100.0 14.3 0.0 28.6 0.0 
The data for Crown cover (Table 3-15) shows that only four percent of quadrats with 0-10% 
Crown cover had A. asparagoides present. To reiterate, Crown cover as presented here is an 
indication of the degree of opacity of the tree crown above the quadrat and represents a 
surrogate measure of light intensity at the ground. As percentage Crown cover increased 
above 10% the percentage of quadrats with A. asparagoides present also increased. However 
above 30% Crown cover, the proportion of quadrats with A. asparagoides presence/absence 
remained fairly equal. 
Table 3-15. Crown cover percentage and associated presence of A. asparagoides. 
Crown cover (%) 0-10 11-20 21-30 31-40 41-50 51-60 61-70 
# Quadrats 138 8 6 41 67 112 38 
% Total 33.7 1.9 1.5 10 16.3 27.3 9.3 
A. asparagoides        
% Present 4.3 62.5 33.3 39.0 44.8 53.6 63.2 
Figure 311 shows the association of Crown cover with Perch Numbers for the study site. 
From this figure, there is a strong correlation between the presence of Multiple perches and 
Crown cover equal to or greater than 35%. This is not unexpected since the greater the crown 
opacity, the more likely that multiple branches will be observed above the quadrat. 
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Figure 311. Distribution of Crown cover (≥ 35%) and perch numbers across the study site. 
Asparagus asparagoides was recorded in 143 of the 410 quadrats surveyed in this study. The 
distribution of A. asparagoides within the study site is shown in Figure 312. Well-
established A. asparagoides infestations commonly cover the ground almost completely, as is 
the case in Kings Park in Western Australia (Pers. obs.), but in this study site quadrats with 
abundant A. asparagoides cover were quite rare and none had a Braun-Blanquet mean cover 
density of >75%. 
 
Figure 312. Asparagus asparagoides distribution and mean density within the study site. 
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Over 98% of quadrats had a mean cover density of A. asparagoides of 15% or less (Table 
3-16). Tuber examination confirmed that lower foliage density or cover values resulted from 
plants that were in the first few years of growth rather than from suppressed older plants. This 
observation provides further evidence of the hypothesis that there is an age/cover relationship 
for A. asparagoides within the study site. 
Table 3-16. Mean Percent Cover of A. asparagoides and associated quadrats. 
Mean % Cover Number of Quadrats % of Quadrats 
>75   0 0 
     62.5   1    0.7 
     37.5   2     1.4 
     15.0 51   35.7 
       3.0 42   23.8 
       0.5 34   29.4 
         0.25 13     9.0 
Since the results of tuber examination provided evidence of an age/cover relationship for A. 
asparagoides within the study site, quadrats with the highest mean cover density through to 
quadrats with the lowest mean cover density were mapped to provide a visual estimate of the 
change in distribution over time. Figure 313 through to Figure 318 illustrates the location 
of individual A. asparagoides mean cover densities being progressively added. The map 
series suggests that A. asparagoides has dispersed into the field site from two loci. The central 
core of the site has remained relatively free of A. asparagoides giving rise to two invasion 
fronts. During the expansion of the invasion, there appears to be a pattern of establishment 
where A. asparagoides seems to follow the pattern of tracks within the reserve. It is only 
during the later stages of the invasion that dispersal of A. asparagoides appears to be 
occurring in the areas between the tracks. This result will be investigated further in chapter 
five. 
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Figure 313. Mean Asparagus asparagoides density: 62.5%. 
 
 
Figure 314. Mean Asparagus asparagoides density: 37.5% and greater. 
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Figure 315. Mean Asparagus asparagoides density: 15% and greater. 
 
 
Figure 316. Mean Asparagus asparagoides density: 3% and greater. 
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Figure 317. Mean Asparagus asparagoides density: 0.5% and greater. 
 
 
Figure 318. Mean Asparagus asparagoides density: 0.25% and greater. 
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There are two quadrats within the pasture on the western side of the reserve in which A. 
asparagoides was recorded with mean cover densities of 0.5% and 0.25%. One quadrat was 
located in a site that had been recently fenced off by the landowner as part of the Land for 
Wildlife program on Phillip Island. The second quadrat was in a stand of unfenced swamp 
paperbark and ti-tree vegetation that was dense enough to exclude grazing by sheep. The 
nearest potential dispersal sources i.e., where A. asparagoides mean cover density is 3% or 
greater and thus seed production was occurring at the time of fencing off, are located at a 
distance of 360 to 380 metres away from both quadrats. None of the other quadrats in the 
pasture area contained any A. asparagoides. 
Since A. asparagoides was recorded in quadrats that were located in the fenced off vegetation 
patches, a decision was made during the field data collection to record the areal extent and 
location of all fenced-off remnant vegetation patches within the pastures. The presence of A. 
asparagoides was recorded in eight out of the ten fenced off vegetation patches (Figure 319). 
 
 
Figure 319. Distribution of remnant vegetation patches across the study area with and 
without A. asparagoides present. 
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3.5 Discussion 
The findings presented in this chapter give rise to a number of possible implications for the 
management of A. asparagoides as well as potential areas of further investigation. The first 
point of interest concerns land use and arises from the observation that no A. asparagoides 
was recorded in areas where sheep and cattle grazed or where land was ploughed. Total 
exclusion of A. asparagoides by livestock grazing is not unexpected as it confirms landowner 
observations that A. asparagoides is eaten by sheep and cattle. This also explains why over 
90% of quadrats recorded as Disturbed did not contain A. asparagoides. This result initially 
appears counter-intuitive since weed invasion is frequently associated with disturbance. 
However, the majority of quadrats in the disturbed category were found in pasture and 
farmland where grazing or cultivation would prevent A. asparagoides establishment. Rapid 
colonisation of areas several hundred metres away from the main infestation following 
exclusion of grazing demonstrates the potentially rapid dispersal of A. asparagoides at this 
site and accords with previous work showing that avian dispersal is likely to be highly 
effective (Stansbury 2001). 
However, avian frugivores may not be the only species that contribute to the dispersal of A. 
asparagoides. Secondary dispersal vectors that may compound spread include foxes (Vulpes 
vulpes L.) and rabbits (Oryctolagus cuniculus L.). The stomach contents of foxes trapped on 
Phillip Island have been found to contain A. asparagoides seeds (M. Kyle, Pers. Com). The 
rabbit is a known dispersal vector in the southern wheat belt of Western Australia where seeds 
have been observed in rabbit scats (Graham and Mitchell 1996). 
While frugivore dispersal may be a major factor in establishing new colonies, other factors 
also influence dispersal success. Abiotic factors such as the waterborne spread of A. 
asparagoides seeds along watercourses and via birds along the riparian zone of creeks and 
streams (Graham and Mitchell 1996; Pigott and Farrell 1996) may also play a minor dispersal 
role in the study site. Waterborne seeds could be transported to new sites during a flood event 
where some may successfully germinate and establish a new source of seed production. 
Dispersal of A. asparagoides within ORR appears to be operating under a different set of 
constraints compared with the grazed pastures. From a visual inspection of Figure 318, the 
invasion of A. asparagoides into ORR seems to be a directed or controlled rather than a 
random event. The cluster of points at the north and south of ORR indicates that invasion into 
ORR may be occurring from two loci. 
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Based on the results of the age/density hypothesis put forward and the visual inspection of the 
mapped densities (Figure 313 to Figure 318), the beginning stages of invasion appear to 
initially follow the track network before moving into the centre of ORR. This apparent 
association with the paths through ORR was observed during fieldwork. Subjectively the 
density of A. asparagoides seemed to be greater along the edges of paths and then to reduce 
away from the edges as one moved further into the vegetation. This anecdotal observation that 
A. asparagoides appears to have followed tracks and pathways is interesting since the tracks 
in this reserve, being narrow and lightly used, do not appear to have a large effect on the 
adjacent habitat. 
The central part of ORR, which at the time of sampling was sparsely colonised, does not 
appear to be any less suitable for A. asparagoides in terms of soil, pH, topography or 
vegetation (Raymond 1999) than the adjoining areas. The distribution of crown cover (Figure 
311) and the number of vegetation layers (Figure 310) do not show any evidence of any 
difference across the whole of ORR. Crown cover was used to estimate crown opacity so that 
higher crown cover values indicate lower light intensities reaching the ground surface. Over 
95% of quadrats with crown cover less than 10% did not contain A. asparagoides. 
This is in line with a report by Meney et al. (2002) that found that areas of high canopy cover 
provided an ideal environment for establishment of A. asparagoides in both natural and 
disturbed habitats. Asparagus asparagoides was recorded in half of the quadrats with crown 
cover greater than 30%. Since the distribution of crown cover greater than 30% is consistent 
across ORR, there is no reason to suspect the centre is different from the ends. However, this 
association with low light levels does not necessarily hold true. Anecdotally the author has 
observed a number of sites on Swan Island off Queenscliff in Victoria, where A. asparagoides 
is established at the edges of Moona woodlands where the plants are exposed to high light 
levels. 
One possible explanation for both preferential spread along tracks and surprisingly slow 
invasion of the centre is that a native herbivore may be affecting the success of A. 
asparagoides seedling establishment. Oswin Roberts Reserve supports a number of swamp 
wallabies (Wallabia bicolour Desmarest) that tend to stay away from the paths and keep to the 
centre, possibly due to frequent walking of dogs. Asparagus asparagoides is known to be 
palatable to macropods and there has been a previous report (Carr 1996) of it increasing 
dramatically at a site in Western Australia after exclusion of grazing by tammars (Macropus 
eugenii Desmarest). 
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The aims of this chapter centred on the identification of factors that may be useful in 
modelling presence and absence of the bird dispersed fleshy-fruited weed, A. asparagoides. 
The results reveal that some factors show very little variability in their magnitude across the 
whole of the study site and can therefore be excluded from any model development. For 
example, soil pH is relatively consistent across the whole of the site. This is to be expected 
since the underlying geology and therefore raw material for soil formation is also 
homogeneous across the whole of Phillip Island. Geomorphologically, Phillip Island is 
relatively flat and this was evident from the findings for Slope Form and Slope Class, for 
which the majority of quadrats surveyed were classified Flat with a slope of 5° or less. Land 
uses such as grazing or cultivation do not allow A. asparagoides to establish and data from 
these areas can also be excluded. 
The factors that could prove useful for modelling include the vegetative attributes of Ground 
Understorey and Overstorey mean cover density, the Number of Vegetation Layers, Crown 
cover and the plant Habit of the tallest vegetation layer. Landscape attributes identified are 
Disturbance levels, Perch Type and Perch Number. The utility of using a GIS to map the 
distribution of mean cover density for A. asparagoides may have helped to identify a tentative 
association of weed invasion with paths and tracks. If this is the case, the inclusion of a 
distance from quadrat to path measure may also be an appropriate model variable to use. 
The field observations made during data collection and the initial data mapping leads to the 
generation of hypotheses that will be tested in the following chapters. It would appear that 
tracks and paths might allow invasion to take hold and spread into remnant vegetation. 
Chapter four will test the hypothesis: 
1) H0: The distribution of new infestations of A. asparagoides locations is random. 
Chapter five will test the hypothesis: 
2) H0: There is no difference in the density of A. asparagoides moving away from tracks into 
the vegetation. 
Given that the above null hypotheses can be rejected, a model of A. asparagoides presence 
and absence will be developed. The model will then be validated at a second independent site 
to test if the model is generally applicable. 
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3.6 Summary 
The field survey has resulted in a number of features that characterise ORR:  
• The site is topographically flat. 
• The underlying geology is relatively uniform and consistent with the finding of uniform 
soil pH. 
• The site is well defined by its distinct boundaries and its location within a heterogeneous 
rural landscape. 
• It has a relatively recent history of invasion by Asparagus asparagoides. 
The collated field data suggests that for ORR, a number of factors may have a positive or 
negative association with the presence of A. asparagoides, and could prove useful in 
developing strategies to help manage bird-dispersed weeds into vegetation remnants. The 
preliminary mapping of A. asparagoides density across ORR using a GIS enabled subjective 
field observations to be visualised, and led to the generation of testable hypotheses. The 
remaining chapters will examine these hypotheses. 
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4.0 Introduction 
The research method used to survey and collect data on the dispersal of Asparagus 
asparagoides within ORR was presented in chapter three. Graphical exploration of the data 
using the mapping capabilities of a GIS provided a qualitative feel of the spatial distribution 
of A. asparagoides within ORR. This chapter will deal with the spatial component of the data 
using a quantitative approach. 
The first section introduces the notion of spatial statistics and their utility in ecological 
research, in particular the definition of spatial point patterns (SPPs), complete spatial 
randomness (CSR) and how deviation from CSR is a necessary step in the investigation of a 
SPP. Finally the data from ORR are analysed using a variety of methods that take into 
account the spatial location of each point in relation to the spatial location of neighbouring 
points. 
4.1 Spatial statistics and ecology 
Statistics analogous to those available in classical statistics - e.g. mean, mode, and standard 
deviation - can also be applied to spatial data. Hence a spatial mean can be determined for a 
data set by averaging the x and y coordinates for each data point. Standard distance is a 
measure of how the points in the distribution deviate from the spatial mean, equivalent to 
standard deviation in classical statistics. However, classical statistics take into account only 
the attributes associated with the variables or events under study. Spatial statistics take into 
account another dimension to spatial data, that of relative and absolute location. Another 
significant difference between classical and spatial statistics is the assumption concerning data 
independence. Spatial data often violate this concept of data independence. 
While descriptive statistics allow inferences to be made about the data in question, they can 
be limiting especially when the spatial locations of the data are ignored. This is particularly 
true for ecological data where location can give rise to spatial structure (Diggle 1983; Dale 
1999). Without some measure of significance, hypotheses regarding the spatial pattern of an 
ecological process lack predictive or explanatory power. Hence spatial statistics allow for new 
insights to be gained from a data set. 
Ecological data can have spatial structure that arises from spatial autocorrelation. Positive 
spatial autocorrelation occurs when the value or magnitude of a particular attribute observed 
 93
at a data point is more likely to be similar to the value of the attribute at nearby locations 
(Fortin et al. 2002). Spatial statistics overcome the potential limits of violating the data 
independence assumption of standard statistics through the use of a number of techniques that 
not only take into account the location of events but also their attributes. All of the methods 
described in this chapter require a number of common assumptions regarding the features of 
SPPs. The first of these is to test the data for spatial autocorrelation (both positive and 
negative). Next are the concepts of isotropy and stationarity. Isotropy refers to the idea that 
direction plays no role in determining spatial pattern while stationarity means that the 
underlying characteristics of the pattern remain constant over the study area. The final 
assumption that is common to all methods is the effect that edges can have on the outcome. 
Since the pattern beyond the study area is unknown and any points beyond the boundary can 
have an effect on those within, some form of edge correction is required (Cressie 1993; Dale 
et al. 2002). 
For example, Haase (1995) illustrated the use of edge correction in second order spatial 
statistics using the spatial pattern of plants in semi-arid shrub land. The study examined five 
methods of edge correction and provided a recommendation for the incorporation of a 
weighted edge correction factor and a standardisation of reporting the results of second order 
analyses. Goreaud and Pélissier (1999) put forward a procedure for the application of edge 
correction in irregularly shaped plots using examples of spatial pattern analysis of 
experimental forest plots. They argue that complex shaped study plots require edge correction 
to allow for a meaningful ecological interpretation of the results of analysis. However, the 
routine application of edge corrections my not be appropriate if it is not justified ecologically. 
Lancaster and Downes (2004) mapped the spatial location of intertidal barnacles with and 
without lichen growth on their shells. Plots consisted of large intertidal rocks with barnacles 
and lichen and it is ecologically untenable to assume that the spatial pattern extends beyond 
the rock boundary. This example shows that edge correction is not required and more 
importantly has no impact on the interpretation of the analysis. 
4.2 Spatial point patterns 
A spatial point pattern (SPP) can be defined as a group of n points within an area D ⊂ R2 
generated by a stationary isotropic point process within R2. First and second order statistics of 
the count of points N(A) within a subset A of the area D can be used to summarise the point 
process (Venables and Ripley 2002). First order statistics use a single statistic based on point-
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to-point distances to describe SPPs. This first order spatial variation results from changes in 
the underlying properties of the local environment (O'Sullivan and Unwin 2003 p.29). Such 
statistics compare the intensity (the mean number of points per unit area) λ of a SPP with the 
expected number of points per unit area. 
Throughout this discussion a distinction will be made between the spatial concept of intensity 
(λ) and the biological concept of density. Intensity relates to the number of points or events 
per unit area while density is a numerical measure of the magnitude at each point or of each 
event per unit area. For example, if A. asparagoides was found to be present at 10 locations in 
an area of one square unit, λ = 10. For the same 10 locations A. asparagoides density would 
be the average mean cover for the 10 occurrences per unit area. For an area A with n 
individual points, the intensity can be estimated as λ = n/A. Second order statistics use the 
distribution of distances of pairs of points (Wiegand and Moloney 2004) to analyse spatial 
structure. Thus second order spatial variation is the result of local interaction between points 
(O'Sullivan and Unwin 2003 p. 29). 
Mapping the spatial location of events in a GIS environment may provide some clues about 
the pattern such events take up in two-dimensional space. Such patterns can, on being visually 
inspected, be strongly indicative of some association with elements of the landscape. The 
association of A. asparagoides with paths and tracks as observed in chapter three is an 
example of this visual analysis. In many cases the complexity of spatial associations among 
events in two dimensional space can be obscured (Chou 1997). When the observed spatial 
point pattern arises due to chance events the distribution of points is random and no spatial 
autocorrelation exists. Conversely, a mapped spatial pattern may appear to be random on 
visual inspection, when in fact it does have an underlying pattern. The first step in the 
statistical analysis of SPPs in the investigation of ecological phenomena is to determine 
whether a SPP has form or is random (Fortin et al. 2002; Diggle 2003). 
Biological weed invasion is an example of an ecological space-time phenomenon in which a 
spatial pattern arises through the process of seed dispersal (Wang and Smith 2002). Dispersal 
represents a critical process in the spread and establishment of both weed and indigenous 
plant populations (Ghersa and Roush 1993; Fuentes 2000) and the application of spatial 
statistics in dispersal studies can be an important investigative tool. A study by Fang (2005) 
used second order spatial analysis techniques (Ripleys K  see section 4.4.5) to investigate 
the invasion of native forest in the north-eastern United States by Acer platanoides L. 
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(Norway maple). Spatial point pattern analysis indicated a greater clumped distribution and 
clump size for A. platanoides than for all native tree species combined. By recording the 
spatial location of dead trees and comparing the spatial pattern before and after mortality, 
inferences regarding temporal changes were made. Fang (2005) found the invasion by A. 
platanoides to be highly aggregated, have a high local density and a low level of self-
thinning. In another forest study, Kelly and Meentemeyer (2002) also used second order 
spatial point pattern analysis techniques to investigate the spread of an oak pathogen in 
California. The spatial pattern of mortality varied with respect to scale and extent. At very 
small scales (<10 m) oak mortality appeared to be random. However, across multiple scales 
(100 to 300 m) there is a strong clumping of oak mortality that suggests the presence of the 
pathogen is controlled by other factors. 
The studies cited previously have applied spatial point pattern analyses to data that contained 
the spatial location of all individuals under investigation. The method of data collection 
detailed in chapter three highlights a major limitation for this chapter; the data used in the 
analysis do not contain the spatial location of every individual of A. asparagoides in the study 
area. However, the data collected for this research provides an opportunity for a descriptive or 
exploratory investigation of the spatial nature of A. asparagoides invasion in a patch of 
remnant vegetation. The use of spatial point pattern analysis in this context can provide 
insights into the nature of the spatial pattern and further avenues of investigation (Potvin et al. 
2003). The next section covers the analysis of a SPP by determining if it is random or 
structured by comparison with a SPP that is completely spatially random. 
4.2.1 Complete spatial randomness 
Complete spatial randomness (CSR) represents an idealised standard for the detection of 
patterns within point data. Complete spatial randomness can be thought of as white noise, 
the absence of structure or signal in spatial point data (Cressie 1993). The theoretical pattern 
chosen for CSR is one that results from the operation of a homogeneous planar Poisson point 
process in which: 
• Each location in the study area has an equal chance of receiving a point (uniformity) 
• The selection of a location for a point in no way influences the selection of locations 
for any other points (independence). 
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The assumption is made that if a pattern for which CSR cannot be rejected is found, further 
spatial analysis is not required. If CSR can be rejected then the outcome can be used to 
distinguish between a regular pattern and aggregated pattern (Cressie 1993; Diggle 2003). 
The analysis of any SPP begins with a statement of the null hypothesis 
HO: The pattern under investigation is one of CSR resulting from a homogeneous planar 
Poisson point process. 
Three significant reasons for testing a null hypothesis relating to CSR include: 
1. If the null hypothesis of CSR is not rejected, further formal statistical analysis is not 
needed 
2. A null hypothesis of CSR offers a dividing hypothesis between clustered and regular 
patterns and 
3. Even when we anticipate that a null hypothesis of CSR will be rejected, the results of 
the test can be used to help formulate new null hypotheses. 
4.3 Spatial point pattern analysis 
Three broad classes of spatial point patterns can be recognised (Boots and Getis 1988). The 
first class is the completely spatially random pattern. This pattern occurs in a completely 
homogeneous environment in all respects with no interaction among the points. The 
completely spatially random pattern results from a process of chance in a completely 
undifferentiated environment. It is unlikely that such a pattern occurs in real world situations. 
Clustered patterns represent a second class, occurring when the points are significantly more 
grouped than they would be in a CSR pattern. The third class represents regular patterns. Such 
patterns can be either uniform or dispersed. Regular patterns arise when the points are more 
spread out over the environment than they would be in a CSR pattern. Once rejection of the 
null hypothesis occurs, - i.e., CSR is not present - an assessment of the nature of the pattern is 
undertaken. 
4.3.1 Pattern detectors and CSR 
The degree to which a spatial point pattern deviates from a pattern arising from CSR can be 
assessed through the use of point pattern detectors (Diggle 2003). The analysis of spatial point 
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patterns is based on the assumption that the location of events, i.e., the location of A. 
asparagoides within the reserve is generated by some underlying mechanism. 
Methods such as quadrat counts and distance measures are used to indicate departures from 
CSR but do not provide a means of fitting alternative models (Cressie 1993). An initial 
investigation into detection of pattern within a point distribution is to examine how the 
density of the distribution changes across its spatial extent (Lee and Wong 2001). A follow-on 
investigation would then be to characterise the pattern as either clustered or regular. 
4.4 Methods 
A number of methods can be used to test if CSR is present and then establish the type of SPP 
within the data set if CSR is not present. Two classes of measurement are available, those that 
examine the location of points relative to the study area, i.e., measures of dispersion, and 
those that examine the location of points relative to each other, i.e., measures of arrangement. 
Measure of dispersion can be further subdivided into quadrat methods, density estimation 
methods and distance methods (Boots and Getis 1988; O'Sullivan and Unwin 2003). Quadrat 
and distance methods examine first order spatial variation and are referred to as first order 
statistics. Measures of arrangement examine characteristics of spatial autocorrelation and 
include the following statistics, Ripleys K-function, Morans I and Gearys c. Since these 
statistics take into account local interaction among points, they are referred to as second order 
statistics. 
4.4.1 Data set preparation: Oswin Roberts study site 
One of the limitations that exist for a number of spatial statistical analysis routines is the need 
to define the study area into a simple circle or rectangle so that some form of edge correction 
can be applied (Lee and Wong 2001). However, other shapes of study areas are possible and 
Goreaud and Pélissier (1999) present a method of edge correction that takes into account 
complex shapes. The analysis described in this chapter will only deal with the simple 
rectangular case. To accommodate this, a study area within ORR was delineated as a 
rectangle of 500 metres width and 2003 metres depth with its origin defined by the AMG 
coordinates x=348460 and y=5739103. This area was chosen as it encloses a significant 
portion of the natural vegetation and associated tracks within ORR but no pasture. The 
bounding coordinates for the area were reassigned from their Northing and Easting values to 
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(0,0) and (500,2003) only to avoid unnecessary clutter of Northing and Easting values along 
the x and y axes in the graphical presentation of the results. 
Chapter three discussed the method used in setting out a regular grid of quadrats from which 
field data were recorded. The analysis described in this chapter will use a subset of the field 
data set to test and determine if there is a pattern or not in the location of A. asparagoides. For 
the rectangular study site defined above, 228 quadrats were sampled. For this analysis, each 
quadrat was defined as a point using the x y coordinates of the centre of each quadrat to 
represent the point location. From the total of 228 points surveyed within the rectangular 
study area (Figure 41a), A. asparagoides was present at 113 of these points (Figure 41b). 
These points include the presence of A. asparagoides at mean cover densities of 0.5% and 
0.25%, i.e., individual plants deemed to have germinated in the year of the survey. 
 
Figure 41. Point locations in the study site. a) Location of all sampled points, b) Point 
locations where A. asparagoides was present at a density > 0%, c) Point locations where A. 
asparagoides was present at densities of 3.0% or greater. See text for further details. 
The concept of the seed dispersal cycle (introduced in chapter one) suggests that seed 
germination represents one part of the consequence of seed dispersal. Germination success or 
failure can give rise to a seedling distribution that does not necessarily mirror potential adult 
distribution. The point locations in which the mean cover density of A. asparagoides was 
recorded as 0.25% and 0.5% may be the result of the germination of seeds where microhabitat 
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conditions facilitated germination but may ultimately prove to be unsuitable habitats for long-
term establishment of reproductive adult plants. Alternatively these low mean cover density 
A. asparagoides point locations may represent the next phase of the invasion process. 
If these low mean cover density point locations do represent areas where microhabitat 
suitability is limited to facilitating germination and not adult establishment, their inclusion in 
the analysis could lead to confounding results. In order to determine if any differences could 
be discerned between the two alternatives of microhabitat suitability for germination only or 
new sites of invasion, the spatial analysis was conducted with two data sets. 
The first data set contains all 113 points where A. asparagoides was recorded as present at 
any density > 0%. The second data set consists of 73 points and was generated by removing 
the locations where A. asparagoides mean cover densities < 3.0% were recorded. Each data 
set was held in a text file consisting of three columns of data, the x y coordinates and z, the 
mean cover density. The two data sets are shown in Figure 41b (n=113) and Figure 41c 
(n=73). The following notation will be used throughout the rest of the text to distinguish the 
two data sets: the data set n = 113 will be referred to as aa113 and the data set n = 73 as 
aa73. Both data sets, aa73 and aa113, will be used by a series of techniques that examine 
and analyse SPPs. The analysis techniques are described below in Sections 4.4.2 to 4.4.6. 
4.4.2 Quadrat analysis 
Quadrat analysis provides a means of preventing the loss of information that occurs when a 
single summary statistic such as the overall intensity λ is used to analyse a SPP. This 
drawback can be overcome by recording the number of points that occur in a set of quadrats 
of some fixed size (O'Sullivan and Unwin 2003). By superimposing a regular grid or random 
number of quadrats over the study site, a count of the number of points in each quadrat 
reduces the areal distribution of points to a frequency distribution (Cliff and Ord 1981 p. 87).  
Once the grid is established, the number of points that occur in each cell of the grid are 
counted and compiled into a frequency distribution that is then compared with a frequency 
distribution that describes a random spatial point pattern. The Poisson distribution 
approximates the expected probability distribution for a quadrat count and using the sum-of-
squared differences divided by the mean/intensity (µ) (which follows the chi-squared (χ2) 
distribution), the difference between the observed and theoretical frequency distribution can 
be assessed using the chi-squared statistic (χ2) for n-1 degrees of freedom (O'Sullivan and 
Unwin 2003). 
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The limitation of quadrat analysis is that information about points between adjoining quadrats 
is not used in the analysis and therefore quadrat analysis cannot separate certain point 
patterns, for example localised clusters of points with a dispersed pattern of the same number 
of points. The size of the quadrat used can impact on the number of points recorded, large 
quadrats provide a coarse density measure while progressively smaller quadrats will result in 
many quadrats containing no point or only one point (O'Sullivan and Unwin 2003). Diggle 
(2003) notes that the choice of quadrat size is arbitrary and can have a marked effect on the 
result of the analysis. 
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a) Complete n=113 b) Random n=113 c) Complete n=73 d) Random n=73 
Figure 42. An illustration of the two quadrat count methods used in this study: a) and c) 
complete coverage of the study area with a regular grid and b) and d) randomly distributed 
cells. Values for n refer to the data sets used in the analysis; for details see the section on data 
set preparation. 
Using the location of points where A. asparagoides is recorded as present in the aa73 and 
aa113 data sets, the following procedure was undertaken. Quadrat (or cell count) analysis was 
carried out using the ArcView® scripts developed by Lee and Wong (2001). The analysis 
begins by establishing a frequency distribution of the number of points that lie within each 
cell or quadrat of a fixed size. This count can be accomplished using a regular grid that 
completely covers the study area, or by a randomly placed pattern of cells across the study 
area and is illustrated in Figure 42. The optimum quadrat size used for the analysis is 
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calculated using the formula suggested by Lee and Wong (2001): Quadrat size = (2A)/n 
where A is the area of the study site and n is the number of points in the distribution, therefore 
the length of the quadrat side is 





n
2A . 
4.4.3 Kernel intensity estimation 
Quadrat counts can be considered as providing local estimates of the intensity (λ) of a SPP. 
Kernel intensity estimates (KIEs) represent a method of visualising the spatial variation in 
intensity across the area of a SPP (Kaluzny et al. 1998). While this is computationally similar 
to the method of interpolation used in many GIS packages, conceptually there is one 
significant difference. Interpolation provides an estimate of the value (magnitude) at an 
unknown point based on surrounding known values, while KIEs provide a measure of the 
number of events occurring across the study area without regard to their magnitude. Kernel 
intensity estimates generate a continuous surface that can be mapped showing areas of low 
and high intensity. This transformation has three useful properties (O'Sullivan and Unwin 
2003): 
1. Point patterns can be visualised to detect hot spots in the data. 
2. The continuous surface provides a check to see if variation in the average intensity 
occurs locally rather than showing trends across the whole study area. 
3. Geographic data can be linked to intensity estimates of the point data. 
The SPP intensity was estimated in this study using the S-Plus® (Insightful 2002) module 
S+SpatialStats®. The locations of points where A. asparagoides is recorded as present were 
used to estimate the SPP intensity in the aa73 and aa113 data sets. The method used was 
binning, in which a two dimensional histogram forms rectangular bins, (nx by ny grid of 
counts with n=50) and the counts of points in these bins are smoothed using a loess smoothing 
algorithm. A value of 0.2 was used for the smoothing parameter as suggested by Kaluzny et 
al. (1998 p. 160). The x, y and z values generated can then plotted to provide an image that 
indicates the variation in intensity across the study area (Kaluzny et al. 1998). A filled contour 
plot of intensity estimates was generated and this intensity surface was overlayed with the 
ORR track network to enable a visual assessment of intensity of A. asparagoides and 
locations of tracks to be made.  
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4.4.4 Nearest neighbour analysis 
Nearest neighbour analysis (NNA) takes into account the distance or spacing among points by 
comparing the observed average distances between nearest neighbours with the observed 
average distances between nearest neighbours of a known pattern. If distances between points 
are on average greater than those in a random pattern with the same number of points, the 
observed SPP is more dispersed than a random pattern and conversely if the observed 
distances between points are on average less than those of a random point pattern the 
observed SPP is clustered. Nearest neighbour analysis assumes that all locations of points 
within the study area are known and that the process generating the spatial point pattern is 
homogeneous throughout the study area. 
The nearest neighbour index (NNI) is the ratio of Observed nearest neighbour distance (NND) 
to the Expected NND and ranges from NNI = 0 for a completely clustered point pattern to 
NNI = 1 for a random point pattern to NNI = 2.149 for a completely dispersed point pattern. 
The standardised score ZR is used to determine the significance of the NNI. If ZR > 1.96 or ZR 
< -1.96 the calculated difference between the observed pattern and the random pattern is 
statistically significant. If -1.96 < ZR < 1.96, the observed pattern is not significantly different 
from a random pattern regardless of whether it appears to be visually clustered or dispersed. 
Note that the critical values of ZR are applied with a statistical significance level of p < 0.05. 
Nearest neighbour analysis using the ArcView® scripts of Lee and Wong (2001) examined the 
distance between locations where A. asparagoides is recorded as present in the aa73 and 
aa113 data sets. The results were used to classify the SPP generated by A. asparagoides as 
random, clustered or dispersed for the two data sets. 
4.4.5 Ripleys K-function 
While quadrat and distance methods can be used in distinguishing CSR from patterns that are 
spatially regular or clustered, use of the second order Ripleys K-function can provide an 
overview of point data at a number of scales (Cressie 1993). Ripleys K-function is a second 
order neighbourhood statistic that examines the variance of pairs of inter-point distances. 
Superficially it is similar to nearest neighbour analysis in that it provides information about 
average distance between points. The K-function is, however, more comprehensive because it 
applies to all other points cumulatively as well as to all distances up to the limit of the study 
area. Ripleys K-function is defined as the average number of points inside a circle of radius d 
centred on a point in the study area (O'Sullivan and Unwin 2003). 
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For a SPP, a circle of radius d is centred on each point (Figure 43a) and the numbers of 
points within the circle are counted. The count is continued over successively increasing radii 
(Figure 43b). This procedure is repeated for each point (Figure 43c). Edge corrections are 
used to adjust Ripleys K statistic for points near the edge. The expected number of points 
within distance d of a point in the pattern is given by λK(d). The estimator of λ is n/A where n 
is the number of points in the study area A. If the points follow a Poisson distribution then the 
expected value of K(d) is πd2. 
   
a) Circle of radius d b) Increasing radii d1-dn c) Repeated for each point 
Figure 43. Steps in the determination of Ripleys K statistic for a hypothetical SPP. 
Redrawn from: (O'Sullivan and Unwin 2003 p 94). 
An approximately unbiased estimator of K(d) using an edge correction factor is given by: 
K*(d) = A/n 2 ( )ddIu ijdi j ij ≤∑ ∑ −1 ,  ji ≠  
where dij is the distance between the ith and jth point, ( )ddI ijd ≤  is a counter that is 1 if dji is 
less than or equal to d, or 0 otherwise and uij is an edge correction weighting factor (Haase 
1995; Getis et al. 2003). The K*(d) statistic is rarely plotted against d (Haase 1995). Instead, 
the linear transform L(d) = ( )
π
dK *  is preferred and L(d) is plotted as a function of d (Cressie 
1993). If the point pattern is CSR then L(d) will be equal to d. 
A more sensitive method of highlighting departures from CSR using the K-function is to plot 
the derived variable L*(d) = 
( ) ddK −





π
*
 against d.  
The two plots described above can be tested for statistical significance using Monte Carlo 
methods. A series of randomly generated CSR point patterns with an equivalent number of 
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points as the pattern under investigation are used to determine the amount of variation to be 
expected (Haase 1995). A 99% confidence envelope is generated by taking the highest and 
lowest values of L(d) and L*(d) for each distance d from a series of 99 Monte Carlo 
simulations. Using this method, clustering is indicated when the deviation of the sample 
statistic is positive and above the upper limit of the confidence envelope, while regularity or 
dispersal occurs with negative values below the lower limit of the confidence envelope (Haase 
1995). Ripleys K statistic and the variable L(d) for both aa73 and aa113 were calculated 
using the software program PPA developed by Chen and Getis (1998). The derived variable 
L*(d) was then calculated using the output from PPA. 
The K-function can also be used to examine the SPP where each point is weighted by some 
measure of size or intensity (Getis et al. 2003). In the weighted K-function analysis the 
weighted values for each point are used to provide a measure of clustering or dispersion 
within the pattern of points. Two functions can be used, Lw(d) and Lw*(d) and a measure of 
statistical significance can be determined using Monte Carlo methods analogous to those used 
in the unweighted K-functions described above. The function Lw(d) does not include the 
interaction of each point with itself while Lw*(d) does include the interaction of each point 
with itself. The main difference between Lw(d) and Lw*(d) is that when d=0, Lw*(d) >0 (Getis 
1984). Lw(d) and Lw*(d) were calculated only for the aa113 data set using the PPA software 
(Chen and Getis 1998; Getis et al. 2003). Interpretation of the analysis is similar to that for 
the unweighted K-function (Getis 1984).  
To reiterate, second order neighbourhood analysis, as in the case of nearest neighbour 
analysis, assumes that the pattern being examined is the result of a homogeneous Poisson 
process and that a complete census of all locations has been made. Once these assumptions 
are fulfilled, Ripleys K-function analysis will provide details about departures from CSR 
only for distances up to one half of the shortest side of a rectangular study site. 
4.4.6 Spatial autocorrelation methods: Morans I and Gearys c 
Spatial autocorrelation and auto covariance represent measures of the covariance and 
correlation of a single attribute for all pairs of points separated by a given spatial lag (Dale et 
al. 2002). Therefore, in order to take into account attribute information associated with point 
locations, spatial autocorrelation coefficients are used as a measure of how clustered or 
dispersed the patterns detected are with respect to their attribute values. Morans I and 
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Gearys c are used to explore spatial covariance structure in attribute data, i.e. whether, and in 
what way, adjacent or neighbouring values tend to cluster or disperse (O'Kelly 1998). 
The spatial autocorrelation statistics of Morans I and Gearys c combine attribute similarity 
and location proximity into a single index. The two indices differ in whether the differences in 
attribute values are calculated directly (Gearys c) or via their mean (Morans I). These two 
statistics were calculated for the aa73 and aa113 data sets using mean cover class attribute 
values for A. asparagoides with the ArcView® scripts developed by Lee and Wong (2001). 
Since Morans I and Gearys c use the attribute values rather than presence/absence, they are 
more powerful statistics than Quadrat analysis and the NNI. The range of expected values 
under an assumption of CSR and their corresponding pattern types for Morans I and Gearys 
c are given in Table 4-1. 
Table 4-1. Values and the associated pattern types for the Moran and Geary statistics. 
Statistic Type of pattern Morans I Gearys c 
Clustered I >Expected I 0 < c< 1 
Random I =Expected I       c = 1 
Dispersed or uniform I <Expected I       c > 1 
4.5 Results 
The results are presented in the same order as they were covered in the section dealing with 
methods, quadrat analysis, intensity kernel estimation, nearest neighbour and the K-function 
statistics, followed by the spatial autocorrelation statistics of Moran and Geary. 
4.5.1 Quadrat analysis 
4.5.1.1 Quadrat analysis results for aa113 
The optimum size of the grid cell used in the analysis was calculated using the equation: 






n
2A  (Lee and Wong 2001). For aa113, a quadrat size of 133m x 133m was used in the 
analysis. A regular grid of 64 cells i.e. 4 across by 16 down was required to cover the study 
area and enable a complete census to be made. The random arrangement analysis also used 64 
133m x 133m quadrats. Table 4-2 presents the results of the quadrat analysis using a regular 
and random grid arrangement for aa113. 
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Table 4-2. Quadrat analysis output for random and regular grid of quadrats for aa113. 
Grid arrangement Regular Random 
Number of quadrats 64 64 
Intensity (λ) 1.766 1.766 
Variance 1.344 1.648 
χ2 statistic 48.71 NS 59.71 NS
df 63, *** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
Not unexpectedly, the intensity (λ=1.766) is the same in both the regular and random grid 
arrangements. The χ2 statistic for 61 degrees of freedom is not significant in either the regular 
or random grid arrangement. Therefore, the initial null hypothesis, that the pattern of A. 
asparagoides observed is the product of CSR arising from a homogeneous planar Poisson 
point process cannot be rejected. 
4.5.1.1 Quadrat analysis results for aa73 
For aa73, a quadrat size of 157m x 157m was used in the analysis. The regular grid consisted 
of 52 quadrats in a 4 x 13 arrangement and the random pattern also contained 52 quadrats. 
Table 4-3 presents the results of the analysis for aa73. For both the regular grid and the 
random grid analysis, the χ2 statistic is highly statistically significant. Therefore, the initial 
null hypothesis, that the pattern of A. asparagoides observed is the product of CSR arising 
from a homogeneous planar Poisson point process can be rejected. The SPP comprising the 
73 locations of A. asparagoides is not randomly distributed within the study site. 
Table 4-3. Quadrat analysis output for random and regular grid of quadrats for aa73. 
Grid arrangement Regular Random 
Number of quadrats 52 52 
Intensity (λ) 1.404 1.404 
Variance 1.569 2. 72 
χ2 statistic 81.57** 100.75***
df 51,*** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
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4.5.2 Kernel estimation 
The kernel intensity surfaces for aa73 and aa113 data sets are shown in Figure 44. 
 
Figure 44. Kernel estimates for aa73 (left image) and aa113 (right image) using the binning 
method (nx=50, ny=50, span=0.2) for the function intensity in the S+SpatialStats® module. 
A number of features are evident from the intensity surface for each data set. In both instances 
the surface shows only local variation in intensity and not a distinct trend across the study 
area. For aa73 two hot spots where the intensity is highest can be identified: one in the top 
right hand corner and one in the lower right hand corner. The lower left hand corner is 
showing the early stages of a third hot spot. For aa113, three hot spots where the intensity is 
highest are identifiable: two in the lower section of ORR and one in the top right hand section. 
Similarly in both data sets there is a region of low intensity in the central area of ORR. 
The difference in intensity between aa73 and aa113 appears to show an increased local 
variation in intensity with the two hot spots and early stage hot spot for aa73 expanding in 
aa113 as well as a corresponding reduction in the central area of ORR where intensity is 
increasing. 
Overlaying the ORR track network on the intensity surface provides a way of spatially linking 
the tracks with the spatial variation in intensity (Figure 45). The locations of hot spots for 
aa73 appear to be closely associated with the track network, particularly at the southern end of 
ORR. For aa113, the difference in the intensity surface from aa73 appears to stretch along the 
track network as well as expand into the centre of ORR. 
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Figure 45. Kernel estimates for aa73 (left image) and aa113 (right image) overlaid with the 
ORR track and path network. 
4.5.3 Nearest neighbour analysis 
The results of the nearest neighbour analysis for both aa113 and aa73 are presented in Table 
4-4. The observed NND is the average distance between points where A. asparagoides is 
present, and for both data sets the observed NND is surprisingly similar at approximately 63. 
This observation could probably be due to the two hotspots identified in the kernel intensity 
analysis. The expected NND for a Poisson pattern with the same number of points (n=113 and 
n=73), however, is quite different. In the aa113 data set the observed NND is greater than the 
expected NND. The ZR score of 5.479 indicates a statistically significant departure from a 
random point pattern at p<0.01. Also the nearest neighbour index of 1.27 indicates that the 
observed spatial pattern has a slight tendency toward dispersal. 
In the aa73 data set however, there is very little difference between the observed NND and the 
expected NND. The ZR score of 0.372 indicates that the observed point pattern is not 
statistically different at the significance level of p<0.05 from a random point pattern. The 
nearest neighbour index of 1.02 also places the observed point pattern close to that of a 
completely random point pattern. 
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Table 4-4. Results of nearest neighbour distance analysis for aa113 and aa73. 
Nearest Neighbour Distance aa113 aa73 
Observed NND  62.957 63.109 
Expected NND  49.595 61.705 
Standardised score ZR      5.479**      0.372 NS 
NN Index R   1.269   1.023 
*** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
4.5.4 Morans I and Gearys c 
Table 4-5 presents the results of the spatial autocorrelation analysis. For both the aa73 and 
aa113 data sets the calculated Morans I is greater than the expected value and indicates that 
there may be a clustered pattern for both data sets. However Gearys c is very close to 1 
indicating that the pattern for both data sets is approaching that of a random point pattern. 
Statistically however, the ZR score for both indices is between the values -1.96 < ZR < 1.96 
which indicates that the result is not statistically significant at p<0.05 and that both the aa73 
and the aa113 patterns are random. 
Table 4-5. Morans I and Gearys c statistics for aa113 and aa73. 
Statistic aa113 aa73 
Morans I    0.052    0.122 
Expected Morans I =  -0.01 -0.01 
Z score (Normality)          1.473 NS          1.603 NS 
Z score (Randomisation)          1.462 NS          1.588 NS 
Gearys c   0.952 0.914 
Expected Gearys c 1.00 1.000 
Z score (Normality)        -0.877 NS      -0.747 NS 
Z score (Randomisation)      -1.13 NS      -0.939 NS 
*** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
4.5.5 Ripleys K-function 
For each data set, aa113 and aa73, two series of plots were generated: Ripleys K-function 
L(d) and the more sensitive derived function L*(d). Plots of L(d) vs. d for the two data sets are 
shown in Figure 46 and Figure 47. If the observed L(d) falls above (clustering) or below 
(dispersal) the expected L(d), the null hypothesis of CSR can be rejected at the level of 
significance determined by the confidence envelope. In this analysis the confidence envelope 
was calculated using 99 permutations of randomly generated patterns of n points (113 or 73) 
across the entire study area for a significance level of p<0.01. 
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Figure 46. L(d) as a function of d for aa113 showing the observed values of L(d) and the 
99% confidence envelope for complete spatial randomness given by L(d) minimum and L(d) 
maximum. 
Figure 46 shows that for aa113 there are two regions where there is an apparent departure 
from a pattern of CSR. For distances between 20m and 65m the observed L(d) is clearly 
below the minimum confidence envelope and indicates a statistically significant (p<0.01) 
dispersed or regular distribution of points where A. asparagoides is present. For distances 
between 140m and 160m the observed L(d) lies above the maximum confidence envelope and 
it appears that clustering of points with A. asparagoides presence may be occurring between 
these distances. There appears to be other distances where there is a departure from CSR, 
although no strong or clear trends are evident. 
In Figure 47, the plot L(d) for aa73 demonstrates that there are distances where the departure 
from CSR is showing clearer trends. As is the case for aa113, there is a slight trend evident 
for a dispersed or regular distribution of points (where A. asparagoides is present) occurring 
between 40m and 55m. There is a clear and statistically significant trend (p<0.01) of 
clustering occurring beyond a distance of 125m. There is also some evidence for clustering 
between 85m and 110m. 
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Figure 47. L(d) as a function of d for aa73 showing the observed values of L(d) and the 99% 
confidence envelope for complete spatial randomness given by L(d) minimum and L(d) 
maximum. 
In order to increase the sensitivity of the analysis, departures from CSR can be highlighted by 
plotting the derived variable L*(d) = ( ) ddK −





π
 as a function of d. Figure 48 and Figure 
49 are plots of the derived K statistic L*(d) as a function of d for the two data sets. The 
increase in sensitivity that magnifies departures from CSR is clearly evident in both data sets. 
Figure 48 shows that the apparent departures from CSR that were hinted at in Figure 46, 
i.e., dispersal of points occurring between 20m and 60m and the clustering of points between 
130m and 160m, found for aa113 using L(d), are more distinct. These departures from CSR 
are statistically significant at p<0.01. 
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Figure 48. Derived statistic L*(d) (solid line) plotted as a function of d for aa113. The dotted 
lines indicate the 99% confidence envelope for complete spatial randomness. 
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For aa73, Figure 49 indicates that there is a dispersed or regular distribution of points 
occurring at distances between 25m and 50m and clustering of points between 85m and 
105m. The data also show that points have a tendency toward clustering at distances from 
125m through to 250m. These findings are statistically significant at p<0.01. 
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Figure 49. Derived statistic L*(d) (solid line) plotted as a function of d for aa73. The dotted 
lines indicate the 99% confidence envelope for complete spatial randomness. 
To separate any real ecological events from any sampling effects that may arise from using a 
regular grid pattern, a weighted K-function analysis was performed using the mean cover 
density values of A. asparagoides for aa113. The weighted K-function examines the 
distribution of values amongst the patterns observed in the unweighted K-function (Chen and 
Getis 1998; Getis et al. 2003). 
Figure 410 shows that for distances less than 40m the observed Lw(d) is above the 99% 
confidence envelope and indicates that A. asparagoides density values are not randomly 
distributed within the dispersed and clumped pattern of points found in the unweighted K-
function. 
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Figure 410. Weighted K-function Lw(d) (solid line) as a function of d for aa113. The dotted 
lines indicate the 99% confidence envelope. Lw(d) values within the confidence envelope 
indicate a random distribution of mean cover density values among any pattern of points 
observed in the unweighted K-function. 
The weighted K-function Lw*(d) includes the interaction of each point with itself. Figure 411 
reveals that the observed Lw*(d) values for distances less than 40m are much larger than d and 
for all distances beyond 40m the observed Lw*(d) is above the generated 99% confidence 
interval. This indicates that for a particular point with a high A. asparagoides mean cover 
density there is clustering among the points. Lw(d) indicated a non random distribution of 
mean cover density values and Lw*(d) indicates that these values are clustered. Therefore the 
two functions Lw(d) and Lw*(d) can be seen as providing some measure of spatial 
autocorrelation for the distribution of A. asparagoides. 
0
50
100
150
200
250
300
0 50 100 150 200 250 300
d  (m)
Lw*(d)
Obs Lw*(d)
Max Lw*(d)
Min  Lw*(d)
 
Figure 411. Weighted K-function Lw*(d)  (solid line) as a function of d for aa113. The 
dotted lines indicate the 99% confidence envelope. Lw*(d) values within the confidence 
envelope indicate a random distribution of mean cover density values among any pattern of 
points observed in the unweighted K-function. 
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4.6 Discussion 
The techniques used in the analysis of spatial point patterns assume that a complete census 
has been made of all points in the area being studied. However, in view of the biology of A. 
asparagoides, it is unlikely that a clump of adult plants could be separated into individual 
specimens that could be counted. Although such a complete count was not made, in order to 
provide an indication of the dynamics of A. asparagoides invasion, it was deemed appropriate 
to apply the analysis in this situation. This study is not unique in using a non-complete census 
for spatial analysis of point pattern data. For example, a study by Potvin et al. (2003) used a 
non-exhaustive, regularly and relatively densely spaced grid of transects placed over an area 
and Ripley's K-function was used to analyse the pattern of deer presence that was observed. 
4.6.1 Asparagus asparagoides: A CSR or structured pattern 
The results of the analysis for CSR using quadrat counts, nearest neighbour distance and the 
spatial autocorrelation indices of Moran and Geary did not concur. Quadrat counts for aa73 
indicate that the pattern of points is statistically significantly different from that of a CSR 
pattern, while there was no significant difference from CSR for aa113. Diggle (2003 p. 29) 
argues that the size of quadrat chosen is arbitrary and quadrat analysis is now infrequently 
used in the analysis of mapped data. Rerunning the quadrat analysis for a113 using 72 
quadrats produced a result showing a statistically significant difference to that of a CSR 
pattern at the p<0.01 level. 
Conversely conclusions drawn from the results of the nearest neighbour method were 
opposite of those of the quadrat analysis, with no significant difference from CSR for aa73 
and a statistically significant difference from a CSR pattern (with a slight tendency to a 
dispersed pattern) for aa113. However, the results from nearest neighbour analysis are 
sensitive to geographic scale and the size of the study region (Diggle 2003). The difference 
from CSR found for aa73 and aa113 may be due to scale issues. The aa73 point pattern could 
represent an early phase of invasion that requires examination at a smaller scale whereas the 
aa113 point pattern may be a product of dispersal occurring at greater distances and requires 
examination at an appropriately larger scale. The Moran and Geary statistics indicated that the 
patterns of both data sets were not significantly different from that expected of a pattern 
showing CSR. However, Kaluzny et al. (1998 p. 127) note that the results of spatial 
autocorrelation methods must be used with caution. The weighting factors used to construct 
the neighbourhood structure may not reflect reality. For instance for ORR, a weighting based 
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on the number of perches rather than the mean cover density of A. asparagoides may have 
been more appropriate. 
While both quadrat analysis and nearest neighbour distance methods can be useful in 
distinguishing CSR from spatially regular or clustered patterns, the outcome for this study 
using the above techniques is somewhat ambiguous. Diggle (2003 p. 28) views tests of CSR 
as being of limited interest and should be seen as a framework within which exploratory 
analysis can be conducted. The results from the kernel intensity estimate and Ripleys K-
statistic do suggest that there is some pattern to the distribution of points where A. 
asparagoides is present. K-function plots provide a picture of clustering or regular behaviour 
at a multitude of scales (Cressie 1993) with a measure of statistical significance while the 
kernel intensity surfaces help to strengthen the notion that the observed point pattern is not 
completely spatially random. The kernel intensity surfaces, by their high peak values, provide 
evidence of clustering for both data. 
4.6.2 Functional processes that may generate the observed patterns 
The following discussion will interpret the results of this chapter using the heuristic model of 
the seed dispersal cycle (Wang and Smith 2002) introduced in chapter one. The nearest 
neighbour distance analysis would seem to suggest that, at the scale of ORR, the change in a 
non-significant departure from CSR for aa73 to a significant departure from CSR for aa113 
might reflect the growing infestation of A. asparagoides. The kernel intensity surfaces for the 
two data sets appear to provide further evidence for this growing invasion by the increased 
intensity measure at the peaks of the surface, the extension of the peaks along the track 
network and the increase in intensity in the centre of the reserve. The association of intensity 
contours with the track network lend further weight to the observations made in chapter three 
that tracks may play a part in the invasion process during the early stages of invasion and that 
the A. asparagoides invasion of ORR is occurring at two fronts. 
The point patterns observed for each data set and the change in the point pattern from aa73 to 
aa113 could arise as a consequence of seed dispersal. At a given moment in time, the 
reproductive adult population (aa73) has a particular spatial point pattern. Fruit is produced 
and then dispersed by a variety of vectors (primary and secondary) to sites suitable for 
germination to proceed. Seedling emergence and survival (aa113) produces a new spatial 
point pattern within ORR. 
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The results of the K-statistic analysis of both data sets suggest that dispersal of A. 
asparagoides is occurring at two scales. The weighted K statistics provide further support as 
mean cover density values are clustered and not randomly distributed at distances greater than 
40 metres. It would appear to be counterintuitive to have meaningful K statistic values for 
distances less than the regular quadrat spacing of approximately 60m. However, an 
examination of Figure 41 reveals a number of quadrats where this distance is less than 60m. 
In particular there are a number of extra points recorded along the eastern and western 
boundaries of ORR with spacings less than 50m. A number of diagnostic simulations were 
performed in order to examine the impact that the regular spacing and extra quadrats may 
have on the outcome of the patterns observed using the aa113 data set. 
The following simulations were performed. First, the locations of all 228 points in the study 
area shown in Figure 41 were used and randomly assigned 0 or 1 (for absence or presence) 
in the same proportion that they actually occurred in the study. All points that were assigned 
the value 1 were also randomly assigned mean cover density values ranging from 0.25% to 
62.5%. This procedure was repeated four times and the weighted and unweighted K-statistics 
were calculated for each simulation across the range of distances. Second, the extra points 
noted above were removed to provide a sample where the minimum distance between points 
was approximately 50m. All points were then randomly assigned values as described above 
and weighted and unweighted K-statistics were calculated for the four simulations. 
In all eight simulations, the underlying L(d) line has the same shape as that in Figure 48 with 
only one simulation showing evidence of clustering at 150m. Figure 412 and Figure 413 
show the weighted K-functions results of a typical simulation where the extra points were 
removed for all distances up to 40m. 
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Figure 412. Weighted K-function Lw(d) (solid line) as a function of d for a typical 
simulation. The observed Lw(d) lies inside the 99% confidence envelope for all values of d. 
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Figure 413. Weighted K-function Lw*(d) (solid line) as a function of d for a typical 
simulation. The observed Lw*(d) lies inside the 99% confidence envelope for all values of d. 
The results from the simulations help to strengthen the argument that even though the regular 
sampling strategy undertaken provides the overall shape to the graphs, the clustering observed 
is not a random process. The regular pattern occurring around 40m is more problematic since 
all simulations indicate a statistically significant regular or dispersed pattern for distances 
20m to 65m. However, unlike the field data that show a clustering of values, all simulations 
indicate a random distribution of mean cover density values at this pattern of points. 
At distances less than 65m, the pattern of points is regular or dispersed while at distances 
beyond 150m, the pattern of points is clustered. The departures from a CSR pattern are 
amplified in the plots of L(d) as a function of d. The weighted K-statistics indicate the patterns 
observed are the result of some biological process. Lw(d) shows that mean cover density 
values are not randomly distributed within the quadrats containing A. asparagoides and 
Lw*(d) indicates that the pattern of mean cover density values within the pattern of quadrats 
(as determined by the unweighted K-function) are clustered. The dispersal of A. asparagoides 
at two scales has resulted in a relatively A. asparagoides free region in the centre of ORR. 
This pattern can be explained with reference to the seed dispersal segment of the seed 
dispersal cycle. Given the relatively quick gut passage times recorded for avian frugivores, 
much of the seed will be deposited relatively near the food source resulting in limited mid 
distance dispersal, leaving the central region sparse. Alternatively, this sparse central region 
may contain habitat that is either unsuitable for bird dispersers and/or is unfavourable for 
seedling establishment. The site characteristics described in chapter three imply that habitat in 
the central region of ORR is no different to the rest of ORR with respect to crown cover soil 
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pH and vegetation structure and the establishment of new clumps has not yet occurred in the 
central region. 
Clustering of the point pattern at the ranges 130m-160m and 195m-205m suggests that bird 
dispersal is operating at these distances. Long distance dispersal events that give rise to new 
loci of establishment could arise as a result of disperser behaviour that favours movement 
through ORR using the track network. Once these new foci have been established, the more 
frequent short distance dispersal events take over and result in a clustering of points that form 
new satellite colonies. However, the nature of long distance dispersal (chapter two, section 
2.8.2), its rarity and the difficulty it poses to field investigation must be considered. While the 
K-function analysis gives an upper limit of 205m, this could just be the result of having such a 
small study site. The observations made regarding fenced off remnant vegetation in pasture in 
chapter three suggest that long distance dispersal events for A. asparagoides could be 
occurring at 360m to 380m. 
The velocity of spread (on a habitat scale) for A. asparagoides as calculated by Stansbury and 
Scott (1999) is 191m/yr. This velocity was determined for a site in Western Australia using 
mist netting to catch birds and examine droppings for presence of A. asparagoides seeds. The 
results of the K-function analysis of the aa113 data set indicate a spike at 200m where points 
are clustered. This distance matches the yearly spread of A. asparagoides by avian frugivores 
and would seem to imply that the points where A. asparagoides mean cover density is 0.25% 
and 0.5% represent new sites of establishment rather than microhabitats that are suitable only 
for germination events and not seedling establishment and growth. However, the somewhat 
higher long distance dispersal noted above could well mean that the velocity of spread for A. 
asparagoides has been underestimated. 
4.7 Summary 
This chapter has shown that the spatial arrangement of A. asparagoides invasion of ORR is 
not a CSR process. However, departure from CSR is not clear-cut since the methods used to 
test for CSR returned conflicting results. This highlighted the need to be wary of what 
methods are used and the scale at which the results may have meaningful ecological 
application. The utility of K-function statistics revealed evidence for dispersal and clustering 
at different scales and imply two types of seed dispersal mechanisms are operating within 
ORR. The weighted K-function highlighted its usefulness in interpreting the findings of the 
results of the unweighted K-function especially in the situation were the sampling strategy 
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might impact on the K-statistic. Finally, the comparison of results for the two data sets, aa73 
and aa113, would suggest that they represent two stages or time periods as the invasion of 
ORR proceeded from aa73 to aa113. 
The next chapter will examine the influence that tracks and paths play during the early stages 
of invasion.  
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5.0 Introduction 
The maintenance of high species diversity within tropical forests has long intrigued biologists. 
The dispersal of fleshy-fruited plant species by vertebrates has been extensively studied 
within tropical forests (Galindo-González et al. 2000; Bollen et al. 2004; Caceres 2004; 
Moran et al. 2004). The use of roosting and display trees by primates and avian frugivore 
species plays a role in dispersal. Vertebrate behaviour is also influenced by edges and breaks 
in the forest canopy that in turn impact on the dispersal of flesh-fruited species. Thus 
frugivory has been identified as a major contributor to the maintenance of species diversity 
within tropical forests (Janzen 1970; Connell 1971). 
Temperate forests have not received the same scrutiny with respect to frugivore impact on 
dispersal, let alone the impacts that frugivores have on the dispersal of invasive species. 
Across much of the agricultural landscape in Southern Australia pockets of the original 
vegetation cover have been left as remnants. In many instances, such vegetation has very 
large edge to interior ratios as well as being crisscrossed with paths for recreational use and/or 
tracks for management vehicles. Edges of remnant vegetation play a role in the shaping of 
bird behaviour and subsequently on the dispersal of fleshy-fruited plant species within the 
vegetation patches (Kollmann and Schneider 1999). This also has implications for the spread 
of fleshy-fruited invasive species within these remnants. 
The effect that edges have on bird behaviour and possible bird numbers have been 
documented by Kollmann and Schneider (1999). This influence on bird behaviour has 
implications for the dispersal of fleshy-fruited plant species both along the edges of forest 
patches and into remnant vegetation. This dispersal mechanism is important both from the 
point of view of maintaining diversity of fleshy-fruited plant species within such patches 
through recruitment independent of the total number of seeds dispersed (Jordano and Schupp 
2000) and for the spread of fleshy-fruited environmental weeds. 
This chapter will examine the subjective field observation made during data collection that in 
the initial stages of invasion, the invasive species A. asparagoides appears to enter a patch of 
heterogeneous natural vegetation via tracks and paths. It has been conventional wisdom that 
paths act as a source of weed invasion but there have not been any quantitative studies that 
report objective findings rather than anecdotal evidence. The hypothesis put forward is that 
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breaks in vegetation created by paths result in random deposition of seeds at all distances 
from the path during the initial stages of invasion by a fleshy-fruited species. 
5.1 Methods 
The question posed in this section will be examined quantitatively using two different 
methods. The first method required data to be collected within specific sections of ORR in 
order to examine the changes in frequency of A. asparagoides away from tracks and paths. 
The second method will use the functionality of a GIS to examine the change in A. 
asparagoides presence per unit area at distances away from paths. The GIS was also used to 
create a surface within ORR for a visual overview of A. asparagoides density. 
The development of a protocol for examining the distribution of A. asparagoides relative to 
pathways involved four major steps: 
1. Location of sites where transects could be marked out, 
2. Locating transects within the chosen sites, 
3. Determining the size of quadrat to be used and 
4. Assessing what other useful data could be collected 
5.1.1 Site Selection 
To investigate the effect that tracks may have on the spread of A. asparagoides, it was 
necessary to select suitable sections of track. In order to avoid any possible overlapping 
influences that other tracks may have on the frequency of A. asparagoides, each track must be 
far enough away from other tracks so as to have suitable amounts of vegetation on either side 
of the track. In order to achieve this, the study site was divided up into a number of sub-sites 
where suitable sections of track were identified based on the following criteria. 
• The track section must have at least 60m of vegetation on both sides 
• Each track sections 60m of vegetation must not overlap with anothers 
• Each track section must be at least 150m in length 
• Each track section must be at least 60m from any road exterior to the reserve 
The locations of all tracks through the reserve were mapped using a real time differential 
correction GPS unit and a handheld data logger. A 60-metre buffer was created for the track 
network using the Create buffers routine in the ArcView 3.2a GIS software package (ESRI 
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2000). None of the track sections were closer than 120m from the road surrounding the 
reserve. Only three suitable track lengths fitting the above criteria were identified and these 
were labelled Sub-site 1, Sub-site 2 and Sub-site 3 (Figure 51). 
0 2 0 0 4 0 0 Metres      
Sub-site 3  
Sub-site 2  
Sub-site 1 
60 metre buffer    
Tracks 
N 
 
Figure 51. The three Sub-site locations within Oswin Roberts Reserve. 
The coordinates for the beginning and end of each track for the three Sub-sites (1 through 3) 
were determined from the map generated in ArcView 3.2a. The beginning and end points of 
each track section for the three Sub-sites were subsequently located in the field using a 
handheld GPS unit. While facing south, a quadrat was thrown from the beginning of each 
Sub-site down along the track. The coordinates at which the quadrat landed were recorded 
using a handheld GPS unit. This was deemed the starting point of the 150m-track section and 
all measurements were made from this point using a 30m steel tape. Data were collected over 
a period of three days, 23rd, 26th and 27th August 2002. 
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5.1.2 Transects 
Based on the criteria used to select suitable Sub-sites, each transect was 60m in length. There 
were 10 transects located along each 150m track section with each transect separated by 15m. 
Each transect started at the edge of and at right angles to the track (Figure 52). Track width 
(w) was recorded at each transect and the edge of the track was deemed to be half the width 
(w/2). 
The first transect position was randomly chosen from 30 possible positions within the first 
15m of the start of each track section, i.e., a 0.5m x 0.5m sampling unit has 30 possible 
locations along the first 15m. Subsequent transects were then spaced 15m apart. Transects 
were alternated from the right side to the left side of track. The first transect for each track 
section was randomly assigned to either the right or left side. Figure 52 shows the general 
arrangement of transects along a 150m-track section. 
 
Figure 52. Layout of a series of 10 transects along a 150m-track section. 
5.1.3 The Sampling Unit (SU) 
The SU used was a 0.5m x 0.5m aluminium quadrat with a hinged side. This enabled the SU 
to be placed around small tree trunks when they occurred at any given location. Data from 
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twenty SUs were recorded for each transect. The first SU for each transect was randomly 
located within the first three metres. Subsequent SUs were placed every three metres along 
the 60m transect. The first SU could be positioned in one of six possible positions (Figure 5
3). This SU size and spacing was chosen to maintain some degree of independence of 
adjacent SUs and minimise spatial autocorrelation effects. 
 
Figure 53. Six possible starting locations for the first SU for each 60m transect. Each SU is 
a square of 0.5m x 0.5m. Midpoints of the first SU lie at 0.25m, 0.75m, 1.25m, 1.75m, 2.25m 
and 2.75m from the edge of the track. Once the position of the first SU is chosen, subsequent 
SU positions are located at 3m multiples from the first SU. 
A transect length of 60m provides for 120 possible positions for a sampling unit of 0.5m x 
0.5m. Once the location of the first SU was determined, each transect was sampled at 20 
points (one SU per 3m therefore 20 SU per 60m). Each Sub-site had data recorded at a 
maximum of 200 SUs (20 SUs per 60m transect therefore 200 SUs per 10 transects). 
All positions were established randomly. A 0-1 random number table provided the starting 
side for the first transect (Right (0) or Left (1) side of the track while facing a Southerly 
direction), a 0-29 random number table provided the location of the first transect position 
along the track section and a random number table between 0-5 determined the position of the 
first SU along each transect. 
5.1.4 Data Recorded for each Sampling Unit 
The field data sheet used is shown in Table 5-1. Presence/absence was recorded for a broad 
range of plant growth forms or habits. For A. asparagoides, the presence/absence of plants 
actually rooted within the SU and/or for any foliage overhanging into but not rooted in the SU 
was recorded. 
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Table 5-1. Sample of the data sheet used to record Presence/Absence of vegetation types. 
Presence was recorded with a tick (√) and absence by leaving the space blank. Any comments 
were recorded in the section Notes. 
Sub-site Number   Date  
Transect Number Track Width  
Position 1st SU  Rt 
Lt 
 
Position 1st Transect  
 
 A. asparagoides Grass     
SU Rooted Stems Foliage Short 
<6cm
Long 
>6cm
Moss Bracken Strap Foliage Tree
1 √   √  √   
2  √       
↓         
↓         
20    √     
Notes 
 
 
In SUs where a tree was growing the following rules were used during the data collection: 
• If trunk diameter > SU, reject SU 
• If trunk diameter = SU, reject SU 
• If trunk diameter < SU, record presence/absence of all data 
A number of SUs were rejected for reasons other than the presence of trees with trunk 
diameters greater than or equal to the SU. For example one SU fell within a small pool of 
water (Sub-site 1 Transect 8) and another in swamp (Sub-site 1 Transect 10). 
Recording the presence/absence of grass based on length was made in order to differentiate 
between grasses with tussock and sod growth habits. There are a number of introduced grass 
species in the study area that have a sod grass habit. The most common indigenous tussock 
grass species is Poa poiformis. Mosses or more correctly, bryophytes were recorded since 
they did form a conspicuous part of the ground cover in some parts of ORR. However, no 
effort was made to distinguish between mosses, liverworts and hornworts. 
5.1.5 Spatial extent 
Rather than dealing with individual sections of track and recording the frequency of A. 
asparagoides, this second method used a GIS to determine the change in A. asparagoides 
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presence as the distance from tracks increased by examining the spatial extent of A. 
asparagoides using all of the available field data. This method was used to quantify the 
change in A. asparagoides density away from tracks and paths across the whole of ORR. A 
series of buffers were generated within ArcView 3.2a at 20 metre intervals from tracks and 
paths. Each buffer interval and the number of quadrats containing A. asparagoides for each 
buffer interval was used to calculate the percentage of quadrats with A. asparagoides presence 
per distance interval and these data were graphically represented. 
5.1.6 Asparagus asparagoides surface 
One of the functionalities of a GIS is the ability to create new data using existing data. This is 
useful in instances where data have been collected from a series of point locations and an 
estimate of the value at some un-sampled location is required. The prediction of unknown 
values is possible since many natural phenomena exhibit spatial autocorrelation; values at 
points in close proximity to each other are usually more likely to be similar than points further 
apart. Inverse distance methods of interpolation use a distance-weighted average of data 
points within the surrounding neighbourhood of a non-sampled point to calculate the value at 
the non-sampled point (Burrough and McDonnell 1998, p117). Values of the interpolated data 
lie between the minimum and maximum values of the original data set. Spatial interpolation 
of A. asparagoides presence point data using the inverse distance weight method provided an 
estimate of density across the whole of ORR. This new continuous data set was used to 
generate a surface of A. asparagoides density. 
A TIN (Triangular Irregular Network) model was used to create a surface representation of 
density. The TIN model approximates a surface using a series of non-overlapping triangles 
with x, y z coordinates stored at each vertex of the triangle. The triangular facets give a sharp 
image that can be displayed in 3-D providing a visual display of the density. 
5.2 Results 
The data from the 200 SUs (20 per transect, 10 transects per Sub-site) for each Sub-site were 
first combined into a single spreadsheet and the distance of the midpoint of each SU to the 
edge of the track determined. The data were sorted from closest to most distant from the track 
and then collapsed into six distance ranges with each distance range representing a 10-metre 
interval (Table 5-2). 
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Table 5-2. Field data for all three Sub-sites. The figures indicate the number of Sampling 
Units in which each of the variables was recorded. Range is the Distance from track (m). 
Range A. asparagoides Sum Grass   Strap  Total
(m) Rooted Foliage R+F Short Long Moss Bracken Foliage Tree  
Sub-site 1           
0-10 13 15 28   25   25    9    0 0 1 116
11-20 12 13 25   23   22  13    0 1 2 111
21-30   9   7 16   30   16    5    0 0 4  87 
31-40 10   8 18   31   14    6    1 0 5  93 
41-50   7   6 13   25   11    4    3 1 3  73 
51-60   5   4   9   24   11    7    1 0 4  65 
 56 53  158   99  44    5    
Sub-site 2           
  0-10   2   0   2   21   19  15    9 1 1  70 
11-20   0   0   0   20   16  18    7 0 1  62 
21-30   0   0   0   24   19  18    7 0 0  68 
31-40   0   0   0   19   23  14   11 1 0  68 
41-50   1   2   3   18   26  16    9 2 3  80 
51-60   0   0   0   22   21  25    6 2 1  77 
   3   2  124 124 106   49    
Sub-site 3           
  0-10   0   0   0     5   17    2   16 3 3  46 
11-20   0   0   0   16   19    2   16 2 0  55 
21-30   1   0   1     6   12    2   19 0 1  42 
31-40   0   0   0   10   13    3   20 0 0  46 
41-50   0   0   0     9   13    4   20 2 1  49 
51-60   1   1   2     8   10    5   18 1 1  47 
   2   1    54   84  18 109    
           
Sub-site 1 has the largest number of SUs (67) with A. asparagoides present. Some quadrats 
have plants that are growing in the quadrat as well as overhanging A. asparagoides foliage 
resulting in a figure less than the sum of the individual number of quadrats with rooted and 
overhanging foliage. Sub-site 2 and Sub-site 3 have only five and three respectively. Only 
Sub-site 1 shows a decrease in the frequency of A. asparagoides away from the edge of the 
path. The number of SUs with both A. asparagoides plants rooted within the SU and 
overhanging the SU decreased with distance away from the path edge. 
Short Grass was present in 158 SUs at Sub-site 1 and only 124 SUs in Sub site 2 and 54 SUs 
in Sub-site 3. Moss had the highest presence at Sub-site 2 and lowest at Sub-site 3, while 
Bracken had the lowest presence at Sub-site 1 and highest presence at Sub-site 3. There does 
not appear to be any consistent pattern in the presence of any individual (or combination of) 
variable(s) and the presence of A. asparagoides. 
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Figure 54. A histogram of A. asparagoides frequency for each distance range away from the 
track in Sub-site 1. Rooted: plants recorded as growing in the SU. Foliage: plants overhanging 
the SU. 
Figure 54 is a histogram of the frequency of SUs with A. asparagoides presence at Sub-site 
1. The blue bars represent SUs with plants actually growing in them, and the green bars are 
SUs with overhanging A. asparagoides foliage. The frequency of A. asparagoides presence 
decreases with increasing distance away from the track. Frequency histograms for Sub-site 2 
and Sub-site 3 are not presented since the number of SUs with A. asparagoides present is very 
low at these two sub-sites. 
A scatter plot of the combined rooted and foliage data from Sub-site 1 is shown in Figure 55. 
A fitted line identified that A. asparagoides presence is some inverse function of distance 
away from the track:  p (Presence of A. asparagoides) = f (Inverse of Distance). 
To quantify this relationship, a linear regression analysis was performed. The analysis 
revealed a significant relationship between A. asparagoides presence and increasing distance 
away from the track. The number of SUs where A. asparagoides was present decreased as 
distance from the track increased according to the equation: 
Percentage of SUs with A. asparagoides = 0.552-(0.006 x distance range). 
 130
Percentage of quadrats with
 Asparagus asparagoides
y = - 0.0061x + 0.5524
R2 = 0.7855
0%
10%
20%
30%
40%
50%
60%
0 10 20 30 40 50 60 70
Distance range (m)
 
Figure 55. Percentage of quadrats with A. asparagoides present for each distance range in 
Sub-site 1. 
This relationship was statistically significant at p < 0.05 with an r2 = 0.79. Not unexpectedly, 
for Sub-site 2 and Sub-site 3 the small number of SUs with A. asparagoides presence did not 
allow for a meaningful linear regression analysis. 
5.2.1 Spatial extent 
The map series in chapter three provides a visual correlation of A. asparagoides invasion 
proceeding along tracks and paths. This track network contains paths with a width of 1.5 
metres through to vehicle access tracks up to three metres in width. Table 5-3 records a series 
of buffers radiating out at 20 metre intervals from the tracks in ORR, the number of quadrats 
within each buffer that contain A. asparagoides and the percentage of quadrats containing A. 
asparagoides per distance range. 
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Table 5-3. Buffer distance, quadrat counts and percentage of quadrats with A. asparagoides 
present per distance range. 
Buffer Quadrat counts: A. asparagoides % quadrats with 
Distance (m) Present Absent A. asparagoides 
   0 - 20 49 48 50.5 
 21 - 40 34 47 42.0 
 41 - 60 23 31 42.6 
 61 - 80 14 22 38.9 
 81 -100   8 20 28.6 
101 -120   6   9 40.0 
Figure 56 reveals a negative correlation where the number of quadrats with A. asparagoides 
present per distance range decreases with increasing distance from track. There is a slow and 
irregular drop in A. asparagoides presence per buffer distance within ORR as the distance 
away from tracks increases with an apparent jump up from 100m. The R2 value of 0.53 is 
lower than expected 
Percentage of quadrats with
Asparagus asparagoides y = - 0.1378x + 50.073
R2 = 0.5279
0
10
20
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40
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60
0 20 40 60 80 100 120 140
Distance from tracks (m)
 
Figure 56. The percentage of quadrats with A. asparagoides present as a function of 
distance from tracks for the whole of ORR. 
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5.2.2 Asparagus asparagoides surface 
Figure 57 shows the result of A. asparagoides density interpolation for ORR using the 
Inverse Distance Weighted (IDW) function and the in ArcView 3.2a. The default values for 
Nearest Neighbours (12) and Power (2) were used for the interpolation. Each small cell 
represents an area of 20m x 20m. Density values peak in two areas, the northeast corner and 
the southern end of ORR. The density distribution also appears to indicate five or six areas 
(circled) away from the two main density peaks where satellite colonies or invasion loci 
have developed. These secondary sites appear to be located close to the track network. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 57. Asparagus asparagoides density map with the ORR track network. The field 
location of points where A. asparagoides was recorded present is also shown. Possible 
satellite colonies are circled in blue. 
Figure 58a and Figure 58b provide three-dimensional representations of the data that help 
to strengthen the observations made and reveal a number of subtle features more clearly than 
Figure 57 does. Figure 58a shows the apparent satellite colonies more clearly as peaks 
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rising above the zero density plain. There appears to be further evidence of the 
establishment of another two colonies (red squares) rising up in the central section of ORR. 
When the track network is overlaid on this surface (Figure 58b), the tracks can be seen 
passing close to or right over the apparent peaks where A. asparagoides density is highest. 
The two new colonies noted in Figure 58a are also located close to the track network rather 
than lying halfway between any two tracks. 
 
Figure 58. a) The three dimensional TIN surface showing the high and low regions of A. 
asparagoides density. The red squares indicate beginning of two new satellite colonies.      
  b) The same surface with the track network overlaid showing the proximity to 
the high A. asparagoides density areas of ORR. 
a) 
b) 
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5.3 Discussion 
When the results of the transect data from Sub-sites 1 through 3 are considered, on the surface 
there would not appear to be an argument for tracks and paths acting as an influence on the 
dispersal of A. asparagoides. The three Sub-sites were selected a priori based on the 
availability of suitable buffers. Only Sub-site 1 could be used to assess whether or not A. 
asparagoides was associated with proximity to tracks. When the three Sub-site locations are 
mapped with the SUs where A. asparagoides is present, the lack of a relationship in Sub-site 
2 and Sub-site 3 may be explained. Sub-site 2 is located in an area with A. asparagoides 
density cover of 15% and greater. However, the actual track section used to set out transects 
was located near the northern end of the track section. This is a region where A. asparagoides 
was present at very low densities or not at all while the Sub-site 3 track section is located in 
the central region where ORR does not appear to be invaded (Figure 59). 
 
Figure 59. Location of Sub-sites in Oswin Roberts Reserve and their relation to the 
distribution of A. asparagoides mean cover density. 
 
 135
One reason for the lack of SUs with A. asparagoides at Sub-site 2 and Sub-site 3 could be the 
fact that the dispersal of A. asparagoides into the reserve is a relatively recent phenomenon. 
In chapter three a visual inspection of the location and density of A. asparagoides appeared to 
identify two distinct aggregations of A. asparagoides, one in the northern right hand corner 
and another in the southern left hand corner of the reserve. 
The location of Sub-site 3 in ORR can help to explain the lack of association between 
distance from the track and A. asparagoides presence. Sub-site 3 is located in the southern 
end of ORR, the same end where the second invasion locus appears to be entering. The 
northern track section of Sub-site 3 occurs within the area of ORR where the two invasion 
loci appear to be moving toward each other, leaving a gap in between the two invasion fronts. 
The sampling protocol once more dictated that the starting point from which transects would 
be positioned be located at some point from the northern end of the track section. As was the 
case for Sub-site 2 this is an area where A. asparagoides density is sparse. 
The results from Sub-site 1 taken together with the results of the spatial extent for the whole 
of ORR suggest that paths and tracks may influence the way an invasive bird dispersed weed 
enters remnant vegetation. However, this relationship appears to exist most strongly only 
during the initial phases of the invasion process. Therefore it would be unlikely that any 
strong relationship between density and distance from paths should occur at the invasion 
front. The region along the invasion front is by definition an area where new individuals are 
becoming established. These plants have not yet had time to form large satellite colonies that 
can act as new seed sources for dispersal away from path edges. What is being observed 
within ORR is a snapshot of a dynamic process, the recent dispersal of a new plant species 
into a new habitat. 
The density distribution for A. asparagoides (Figure 57) appears to be closely associated 
with the paths and tracks in ORR providing further evidence for the anecdotal visualised 
change in the density of A. asparagoides along paths observed within the reserve during 
fieldwork. The three dimensional visualisation of density data using the TIN model also helps 
to strengthen this association of tracks and paths with the initial stages of invasion, especially 
the apparent early establishment of fledgling satellite colonies near the track network as well 
as the close proximity of tracks through areas of high A. asparagoides density. This 
relationship between distance from the track and A. asparagoides presence may be important 
regardless of track width since ORR contains paths ranging from one and a half metres 
through to three metres in width. 
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Tracks may play a role in directing bird behaviour in number of ways. The open or thinner 
canopy along the track could be used as a flight path by birds. Different bird species 
representing edge and interior guilds could be responsible for the association with tracks. 
Edge species deposit seeds along the track and once the weeds reach reproductive adult stage, 
interior species move seeds deeper into the vegetation. Alternatively trees along the path may 
be preferentially selected as communal roosting sites or as lookout posts for predators. 
The open canopy together with the disturbance associated along tracks may represent a more 
desirable microhabitat for seedling germination and establishment. Runoff from rainfall and 
increased nutrient availability due to less competition could result in greater numbers of seeds 
germinating and establishing reproductive adults. Seed predation and herbivory near the 
tracks may be minimal since any animals may avoid open and exposed environments or be 
wary of passing bushwalkers. 
The research also highlights a problem that is common to many studies of plant invasions, the 
need for more data from other sites/locations. One of the main difficulties encountered in 
trying to explore this association with a much larger sample size is the lack of suitable field 
sites. Within the Greater Melbourne region, there are many patches of remnant vegetation 
where A. asparagoides is a present and continuing problem. Using the site selection criteria 
outlined in the methods section of this chapter, five parks and reserves were examined for 
potential field sites to further test the above findings: 
• Warrandyte State Park 
• Mornington Peninsula National Park 
• Screw Creek and Andersons Inlet 
• Corinella foreshore at Settlement Point and 
• Swan Island 
Warrandyte State Park is situated 15 kilometres to the north east of Melbourne. The park 
borders over 20 kilometres of the Yarra River, alternating on the northern and southern banks. 
Large portions of the park boundary are bordered by residential and urban development. The 
size and shape of these vegetation remnants are generally linear with a high edge-to-area ratio 
and/or are highly fragmented. Asparagus asparagoides has invaded the park along 
escarpments and in the riparian vegetation bordering the Yarra River. 
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Asparagus asparagoides is found in the Mornington Peninsula National Park, approximately 
60 kilometres south west of Melbourne. The park consists of a long thin stretch of coastal 
vegetation from Point Nepean to Flinders with a section jutting north into the peninsula at 
Cape Shank. The park is bordered by Bass Strait on one side and the urban landscape of the 
Mornington Peninsula along the other edge. In addition, the size and shape of vegetation 
remnants within the park are linear with a high edge-to-area ratio and/or are highly 
fragmented. 
Two areas in the Bass Coast Shire were examined for likely field sites. The first was the 
vegetation along the foreshore at Corinella and the second area was located around Screw 
Creek and the surrounds at Andersons Inlet, just past Wonthaggi. Both of these areas contain 
linear, fragmented vegetation that is intersected by paths and invaded by A. asparagoides. The 
final location examined was the remnant Moona vegetation on Swan Island. Swan Island is 
located in Port Phillip Bay off Point Nepean at Queenscliff. Swan Island consists of 
fragmented vegetation intersected with a network of paths, a situation similar to that existing 
in all the other sites examined. 
Three main difficulties were encountered in all of the parks examined. Many of the remnant 
patches are linear with a high edge-to-area ratio. Secondly, in those sites where vegetation 
patches are large enough to counter edge effects, they are crisscrossed with paths and tracks 
therefore restricting potential field site locations where a transect length of 60 metres could be 
set. Finally where a suitably sized remnant with no extensive network of paths did exist 
within the above parks and reserves, another problem arises. Asparagus asparagoides 
invasion in these parks is not a recent phenomenon, as is the case in ORR on Phillip Island. 
The density of A. asparagoides away from paths in the areas where the weed has been present 
for many years is relatively evenly distributed. This could indicate that the association of A. 
asparagoides density with paths might be a transient feature arising during the earlier stages 
of invasion that is lost once individual invasion loci coalesce across the remnant. Conversely, 
it may be that once a certain critical mass in density is reached, the path-density relationship is 
either obscured or it becomes less important with the passage of time. 
5.4 Summary 
The results presented in this chapter indicate that paths and tracks may play a role in directing 
the dispersal of the fleshy-fruited plant A. asparagoides into the reserve during the initial 
stages of invasion. These initial findings have implications for the management of the 
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dispersal of fleshy-fruited bird dispersed weeds into remnant vegetation. The control of weed 
incursions using herbicides and labour is a costly exercise that can also impact on non-target 
species as well as cause damage and disturbance to sensitive areas. One method of 
intervention that may be used to possibly inhibit invasion within a remnant patch of 
vegetation is through the modification of the paths and tracks network. This change can be as 
simple as reducing the number of paths through a reserve, in particular small reserves of two 
to three square kilometres in area. A second strategy, especially in larger reserves, could be to 
alter the spatial arrangement of the path network to maximise the amount of vegetation on 
either side of a path. 
If the distance from track/density association is a transient feature of invasion by bird 
dispersed fleshy-fruited weeds, there may be other associations during earlier stages of 
invasion that are similarly masked or swamped with the passage of time. Finding field sites 
where the introduction of a new invasive species is a recent occurrence, while not an easy 
task, is nonetheless important from a biological viewpoint. Field sites such as the Reserve on 
Phillip Island represent a unique real-life experiment where some basic insights on the 
mechanism of dispersal and establishment of a new invasive species could be gained. 
Given that the Australian landscape has undergone some dramatic changes within the last 200 
years, the careful management of fragmented vegetation sites to prevent or inhibit weed 
incursion requires knowledge based on documented facts. Therefore, on the basis of these 
preliminary findings it would appear reasonable that any model developed for predicting A. 
asparagoides presence during the early stages of invasion should include a variable that takes 
into account how close a location is to the nearest path. 
The next section will describe the development of a logistic regression model for predicting 
the presence of A. asparagoides within ORR. The model will use a number of the variables 
identified in chapter three as well as distance of a quadrat to the nearest path (as discussed in 
this section) as the independent/predictor variables. 
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6.0 Modelling species presence 
The approaches used to modelling the distribution of species in space and time can range from 
simple estimates of dispersal distances (Bass 1990), the use of reaction-diffuse models 
(Lonsdale 1993), climate matching to indicate those areas that may be suitable for a target 
species (Kritcos and Randall 2002) through to complex empirical models that relate field 
observations to environmental variables (Guisan and Thuiller In press). This division into 
three model groups is arbitrary and is only one of many possible classifications. In a review of 
the literature Higgins and Richardson (1996) were able to divided predictive models of plant 
spread into three classes based on data requirements: simple-demographic, spatial-
phenomenological and spatial-mechanistic models. Each approach has limitations that restrict 
the utility and general applicability of the model. 
Bass (1990) examined faecal pellets of the brush-tailed possum (Trichosurus vulpecula Kerr 
1792) for the presence of viable seeds of the fleshy-fruited weed species Crataegus monogyna 
Jacq. in forest sites of two hectares in area. Since the true source of seeds could not be 
determined, the distances from the nearest fruiting C. monogyna (0-50m) were regarded as a 
minimum dispersal distance. While the home range movement of T. vulpecula is mostly 
within 100m, this data gives no indication of potential long distance dispersal. Jolly (1976), 
however, reported that T. vulpecula is capable of feeding forays up to 1600m. While such 
distances are not common, a single dispersal event can have a direct impact on the spread of a 
weed species. This particular empirical study is limited to smaller scales, although such field 
studies can be expanded to obtain data on long distance dispersal (see Section 2.5 Seed 
dispersal). 
Models of areal spread (Skellam 1951) assume a dispersal distance that is normally 
distributed and a spread that is approximately circular. Lonsdale (1993) applied this type of 
model in an investigation of Mimosa pigra L. spread at two scales: a single wetland and the 
entire western coastal region of the Northern Territory in northern Australia. Results obtained 
were not consistent with the known distribution and the rate of spread based on wind dispersal 
alone (18.3m/y) was approximately 75% lower than the actual rate of spread (>76m/y) that 
occurs when wind and water dispersal vectors are involved. 
Predicting the potential distribution of a target weed species using climate matching can 
answer the question of how much of the country, region, state may be suitable for the weed. A 
number of climate matching models are available and have been used as weed risk assessment 
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(WRA) tools (Kritcos and Randall 2002). Climate matching modelling also has the potential 
to be used in assessing the impact that climate change may have on the potential spread of 
weed species that may currently be limited in extent. Climate matching has been incorporated 
with specific biological ecological and geographical attributes to produce a WRA model that 
identifies the potential weediness of plant taxa before they are introduced into a country or 
region (Pheloung et al. 1999). The attribute matching approach is useful in pre assessment of 
an individual species potential before it is introduced into a new location. Different methods 
are needed to predict the distribution of weeds already present. 
There are few examples of models that examine the likely impact that a weed species could 
have on the habitat it is invading (Parker et al. 1999). Crossman (2002) used an extension to 
climate matching to assess the relative threat of European olive (Olea europaea L. ssp. 
europaea) in South Australia. A habitat suitability surface was calculated using classification 
and regression analysis and combined with a variety of landscape variables to produce a 
model that ranked the study area in terms of relative threat of invasion by olives. A predictive 
approach to species distribution using generalised linear modelling (GLM) coupled with data 
from climate matching is a technique used by (Gioia and Pigott 2000) to look at the role that 
various factors had on species distribution. While their model did not deal directly with weed 
species, the resultant species richness map provides an important supplement for conservation 
and management decision-making.  
The approaches used by the two previous examples used an extensive data set to produce 
prediction of species occurrence, i.e., species presence/absence, climate, geology, vegetation 
type and surface topography. However, the data required for the universal application of such 
models are not available for most species (Kritcos and Randall 2002). Where such data are 
available there is a need to ensure that appropriate predictor variables based on ecological 
theory be incorporated into the modelling procedure (Austin 2002). The modelling approach 
used with these large data sets enables the description of a species response to environmental 
variables to be made by producing fine-scale predictions of the probability of occurrence and 
abundance (Kritcos and Randall 2002). 
Interest in the use of GLMs and generalised additive models (GAMs), especially with the 
availability of presence/absence species data, in examining species distributions is now a 
feature of many ecological studies (Guisan et al. 2002). GAMs are a semi-parametric 
extension of GLMs and assume that the predictor variables can be represented by a smoothing 
function and linked to the response variable in a similar manner to GLMs, and in most 
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instances their performance is no better than GLMs (Higgins et al. 1999). Using data for a 
single species of Himalayan river bird Manel et al. (1999b) compared the predicted 
distributions for the species using discriminant analysis, neural networks and GLM. They 
conclude that all of the three models performed well using the criteria of correctly predicting 
the presence or absence of their target species. However, they note that the use of GLM 
allows for a more direct straightforward development of testable and falsifiable hypotheses. 
When this work was extended using six species of Himalayan river birds, a similar success in 
presence/absence prediction was found for all three techniques (Manel et al. 1999a). 
However, GLMs were better at identifying true absence and true presence and had the highest 
overall ratio of correct to incorrect predictions. The key issue in the application of GLMs (or 
any species distribution model) to the prediction of species presence and absence is the 
systematic application of ecological theory, e.g. selecting the most causal environmental 
predictors (Austin 2002). 
The purpose of this chapter is to describe the development of a number of models to indicate 
the likelihood of the presence/absence of A. asparagoides in a patch of remnant vegetation 
using a variety of relevant independent variables. Such models would provide useful 
information to anyone interested in the management of bushland remnants from a weed 
prevention or control perspective. If this type of model were sufficiently generic, then it could 
also be useful in areas where a new bird-dispersed weed may start its incursion. In this section 
the field data described in chapter three were used as the starting point for such modelling. 
Two models were constructed using the statistical software package S-Plus® (Insightful 2002) 
and the outcomes are to be discussed from a biological viewpoint. The estimated probability 
for each model was examined by plotting the predicted probabilities for each quadrat in 
ArcView 3.2a (ESRI 2000) and generating a probability surface of A. asparagoides 
presence. 
A conceptual model for the modelling process that was undertaken can be viewed simply as: 
Probability of Presence = f (vegetative attributes, landscape attributes, derived data) 
The aim of any modelling process is to find the best fitting, simplest model that is also 
biologically reasonable (Hosmer and Lemeshow 2000) that describes the relationship between 
some biological phenomenon and a group of predictor variables. The steps used to build the 
models are described in the following sections. 
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6.1 Multiple logistic regression modelling 
Data analysis and modelling using linear regression requires that the error term have a normal 
distribution. For a binary or dichotomous response variable this assumption of normality of 
the error distribution does not hold and a more appropriate method is to use a generalised 
linear model (GLM) (Myers and Montgomery 1997). The logistic regression model is a class 
of the GLM that estimates the probability of an event occurring such that if the predicted 
probability is greater than 0.50, the event is denoted as present, otherwise absent. The 
conditional mean: E(Y/x), i.e., the expected value of an outcome variable Y, given the value x 
(for binary data), must lie in the range 0 >= E(Y/x) <= 1. 
6.1.1 Logistic regression and the odds ratio 
A plot of E(Y/x) against x results in an S shaped curve. The link function used to provide the 
properties of a linear regression model to a GLM is the logit transformation (Hosmer and 
Lemeshow 2000 p. 5). For a logistic distribution, the conditional mean of Y given x is 
represented by π(x) = E(Y/x) and the logit transformation is defined as:  
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The logit transform g(x) is linear and changes the conditional mean E(Y/x) from the range 
(0,1), to the range (∞, +∞) depending on the range of x; the logistic regression model is 
given by: 
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where ββββ po ............,, 21  are the estimated coefficients for each value of x and represent a 
measure of the change in the ratio of probabilities. 
The ratio 
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π
π  is the ratio between the probability of success and the probability of failure 
and  )(xg  represents the logarithm of the odds ratio (log-odds ratio) of success, for a 
predictor variable with a value of x. The log-odds for a one unit change in the predictor 
variable (x+1), i.e., the probability of success when the predictor variable has a value x and 
the probability of success for (x+1) is independent of the value of x is: 
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The coefficient β1 is the difference in log-odds for a one-unit increase in variable x and the 
odds ratio is simply eβ1 (Hosmer and Lemeshow 2000; Quinn and Keough 2002; Larsen 
2003). Therefore for a one-unit increase in predictor variable xi, keeping all other predictor 
variables constant, the odds of success (in this study, the odds of A. asparagoides being 
present) increase by eβ1 - i.e., eβ1 indicates a percentage change in the expected odds of the 
dependent variable for a one-unit change in the predictor variable. For negative values of β1, 
the odds of A. asparagoides being present decrease by e-β1 (since e-β1 is <1). The odds ratio 
can be helpful in the interpretation of the logistic regression model from a biological 
perspective and will be considered during the discussion of the results. 
Quinn and Keough (2002) list some of the limitations and assumptions of logistic regression: 
1. The binomial distribution is appropriate (likely for binary data). 
2. Model reliability will depend on model suitability and adequacy: 
i. Model fitting and selection. 
ii. Tests for goodness-of-fit. 
iii. Model diagnostics using residuals. 
3. The absence of strong collinearity is required (presence may inflate standard errors 
and produce unreliable results) that can be checked by: 
i. Correlations among continuous variables and/or 
ii. Contingency table analysis for categorical variables. 
The following sections outline the procedures used in fitting the general logistic regression 
model and testing the significance of the coefficients and the model goodness-of-fit. 
6.1.2 Fitting the logistic regression 
In order to fit a logistic regression, the maximum likelihood method is used to estimate the 
unknown coefficients. The maximum likelihood method is equivalent to the ordinary-least-
squares method used for the estimation of unknown coefficients in a linear regression. The 
log-likelihood function expresses the probability of the observed data as a function of the 
unknown parameters. In this way the observed values of the response variable are compared 
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with the predicted values obtained from models with and without the variable in question. The 
estimates of each coefficient are achieved using the Deviance (D), a log likelihood function 
equivalent to the Residual sum-of-squares in linear regression. Deviance is defined as: 



−=
model saturated of likelihood
model fitted of likelihoodln2D  
For a binary response (0 1) the likelihood for a saturated model is 1 and the Deviance reduces 
to: 
[ ]model fitted of likelihoodln2D −=  
6.1.3 Testing the logistic regression 
The G statistic is used to test the significance of each additional predictor variable added to 
the model and is defined as: 
G = D(Model without variable)  D(Model with the variable). 
Or more simply 
G = 2ln(likelihood without variablelikelihood with variable) 
The G statistic follows a chi-squared distribution with n degrees of freedom, where n is the 
number of predictor variables (Quinn and Keough 2002). The G statistic plays the same role 
that the numerator of the partial F test does in linear regression. 
The Wald statistic 
2
S.E. 







β
β  can also be used as a test of significance of the predictor 
variables. The Wald statistic is chi-squared distributed with one degree of freedom. The G 
statistic is preferred over the Wald statistic since it is a more powerful test of significance 
(Venables and Ripley 2002). Both statistics are used in assessing each predictor variable for 
inclusion in the logistic model. 
6.1.4 Goodness-of-fit assessment 
Diagnostic plots of partial residuals provide an assessment of how well the linear 
relationships used for each predictor variable in the model hold true (Krause and Olson 2002). 
Contingency tables can be generated to determine the overall correctly predicted response for 
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the model. Contingency tables can also be used to examine rates of false positive and false 
negative responses (Hosmer and Lemeshow 2000 p. 160) and compare the performance of a 
number of models.  
In linear regression models an R2 statistic, the proportion of the variance in the dependent 
variable that is explained by the variance in the predictor variables, is used to compare 
models. While there is no equivalent statistic in logistic regression (Whitehead 2004), a 
number of pseudo R2 statistics can be calculated for a GLM (Myers and Montgomery 1997). 
However, none of the pseudo R2 statistics proposed correspond to predictive efficiency 
(Menard 2000), nor is there an ideal answer regarding what value can be considered 
satisfactory (Myers and Montgomery 1997). Menard (2000) suggests the use of McFaddens 
R2 statistic as it is scalar and varies between 0 and close to 1: 






−
model Null likelihood 2log-
model full likelihood 2log-1  
Pseudo R2 statistics are very difficult to maximise because they are a ratio of the full and null 
log likelihood functions (Whitehead 2004) and tend to have much lower values than the R2 in 
linear regression. Thus McFaddens R2 values as low as 0.06 are not unusual nor necessarily 
related to the percentage correct predictions, even for models containing highly significant 
variables. McFaddens R2 is used to compare models that have different predictor variables 
but the same dependent variable (Menard 2000). 
6.2 Methods 
The modelling of biological systems that can be described by a binary dependent variable and 
either continuous and/or categorical independent predictor variables is a principal use of 
GLMs (Quinn and Keough 2002). From results presented in chapter three, no quadrats grazed 
by sheep and cattle contained A. asparagoides. Including these quadrats may therefore have a 
spurious impact on predictability by giving the impression that the model could be more 
accurate and useful than it really is. Therefore, a model of presence that disregards such 
quadrats will be more appropriate in examining factors determining where A. asparagoides is 
present in remnant vegetation. To facilitate the modelling process, the grazed quadrats were 
removed from the data set described in chapter three. The results from the preceding chapters 
suggest that paths and tracks may play a role in the early stages of invasion of ORR. The 
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following section will deal with quadrat distance to paths and tracks as a variable and detail 
the modifications made to the field data in preparation for the modelling work. 
6.2.1 Data set construction 
Removal of the grazed quadrats reduced the size of the data set from N = 410 quadrats to N = 
271 quadrats. The spatial distribution of the 271 quadrats used to build the data set is shown 
in Figure 61. Note that there are three quadrats in the western pasture that were within 
fenced off remnant vegetation where A. asparagoides was present.  
 
Figure 61. Distribution of the 271 quadrats used in the logistic regression modelling. Dark 
blue squares A. asparagoides present; light blue squares A. asparagoides absent. 
For all 271 quadrats, the categorical variables Perch type, Level of disturbance, and plant 
Habit (described in chapter three, Tables 3-8, 3-10 and 3-13) had classes that occurred 
infrequently within the study area. In such cases the variable categories were combined into 
broader classes and this collapsed data set was used in order to aid the interpretation of each 
models output. Table 6-1 lists the variables and the criteria used to combine categories for 
each variable. 
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Table 6-1. Categorical variables that were collapsed into two or three broad categories for use 
in the modelling process. 
Variable Initial         Collapsed  Criteria for new categories 
      number of classes  
Perch type Five Two: 
0 = None 
1 = Present 
As only 8% of the total number of quadrats had 
perch types spread across the categories of 
Dead Tree, Fence and Power line. 
Level of 
disturbance 
Nine Three: 
1 = Natural 
2 = Limited clearing 
3 = Disturbed 
Natural remained the same, grazed natural and 
limited clearing were combined to limited 
clearing and the remaining six were combined 
as disturbed. 
Habit Six Two: 
1 = Tree 
2 = Not Tree 
All woody growth forms, i.e., trees and shrubs 
were combined as Tree with all other groups 
combined as Not Tree. 
The quadrat distance to paths/roads data were derived within ArcView® GIS using the 
ArcView® extension Nearest Features Version 3.6d (Jenness 2002). The distance of each 
quadrat to the nearest path/road was added to the attribute table containing the collapsed 
dataset within ArcView® and this new data set was exported as a spreadsheet for use in S-
Plus® (Insightful 2002). The actual set of variables used to build the final model were those 
variables identified as having some statistical significance during the model building process 
as described in section 6.2.2. Descriptions of the variables used in the final logistic models are 
shown in Table 6-2. Only five independent variables from a total of 22 collected were found 
to have a significant explanatory effect and were used for the final models. 
Table 6-2. Description of Variables used in the logistic regression models. Bc is the 
dependent variable. 
Variable Description 
Bc Response to the question: Is A. asparagoides present in a particular location? Yes = 1, No = 0 
Lod Level of disturbance. Three categories: 1 = Natural, no disturbance, 2 = Past grazing, 3 = Disturbed 
Drds Distance from quadrat to nearest path/track/road in metres. 
Habit Habit of the tallest vegetation level. Two categories: 1 = Tree, 2 = Not a tree. 
Crown A percentage cover of the quadrat by tree/shrub crown. 
Under Understorey cover (all species) as a median percentage value based on the Braun-Blanquet cover class. 
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Descriptive statistics for the continuous/ratio level variables are presented in Table 6-3 and 
the categorical/nominal-ordinal variables in Table 6-4. 
Table 6-3. Descriptive statistics for continuous variables (N=271). 
Variable Median Mean Std Deviation
Drds    31.6 43.1        39 
Crown    55 48        15.1 
Under    15 28.5        25.5 
 
Table 6-4. Descriptive statistics for categorical variables (N=271). 
Variable 0 1 2 3 
Bc 128 143   
Lod    68 183 20
Habit  257   14  
The results in Table 6-3 indicate the presence of extreme values for each of the variables. For 
Drds and Under, the mean is greater than the median indicating the distribution of variable 
values is positively skewed, while for Crown, the mean is less than the median and the 
distribution of variable values is negatively skewed. This suggests that the site contains more 
quadrats that are closely associated to paths, have low understorey cover and higher crown 
cover than would be expected given the means due to the presence of a few extreme variable 
values.  
6.2.2 Data set and site characteristics 
A number of features can be highlighted for ORR based on the variables used in the 
modelling process. Quadrats rated as Disturbed (Table 6-5) represent only 7.4% of the total 
number of quadrats so it is difficult to make any meaningful qualitative assessment of the 
impact that disturbance may or may not have on the presence or absence of A. asparagoides. 
Asparagus asparagoides was found in 50% of quadrats rated as Limited clearing while in 
quadrats rated None and in quadrats rated Disturbed, just over 60% of the quadrats 
recorded A. asparagoides as being present. Overall the distribution of presence and absence of 
A. asparagoides across all categories of disturbance does not appear to show any trend. 
Table 6-5. Disturbance levels and associated presence of A. asparagoides. 
Level of Disturbance  1 - None natural 2- Limited clearing 3 - Disturbed
# Quadrats    68 183 20 
% Total    25.1     67.5   7.4 
A. asparagoides    
% Present    61.8     48.6 60 
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A little over 80% of the total number of quadrats contained three levels of vegetation, i.e., a 
Ground cover, Understorey and Overstorey (Table 6-6). Oswin Roberts Reserve consists of an 
extensive and mature tree canopy over much of its area so this observation is not unexpected 
given that the quadrats were limited to ORR. Just over 17% of the total number of quadrats 
contained two vegetation levels (being any combination of Ground cover, Understorey and 
Overstorey). 
Table 6-6. Vegetation levels and associated presence of A. asparagoides. 
Number of Vegetation Levels   1   2   3 
# Quadrats   6 47 218 
% Total   2.3 17.3   80.4 
A. asparagoides    
% Present 16.7 55.3   53.2 
Table 6-7 highlights the fact that trees were a dominant feature of the vegetation. Almost 95% 
of the total number of quadrats had at least one Tree present. This observation also highlights 
the fact that vegetation levels predominantly consist of an overstorey component. When 
considered together with the data on quadrats having one or two vegetation levels, almost 
75% of the quadrats (39 of the 53) contained at least one tree. Trees provide roosting sites for 
birds therefore one would expect that the presence of a tree would be a useful determinant of 
A. asparagoides presence. While Table 6-7 does show that approximately 80% of quadrats 
with no trees (Not Tree) do not have A. asparagoides, these quadrats represent just 5% of the 
total number of quadrats in the reserve. 
Table 6-7. Habit and associated presence of A. asparagoides. 
Habit  1-Tree 2-Not Tree
# Quadrats 257 14 
% Total   94.8   5.2 
A. asparagoides   
% Present   54.5 21.4 
An examination of percentage Crown cover (Table 6-8), shows that over 75% of the total 
number of quadrats have a percentage Crown cover greater than 40%. Of these quadrats, over 
80% have a percent Crown cover between 40% and 60%. There does not appear to be any real 
trend for A. asparagoides presence to increase with increased percent Crown cover. 
Table 6-8. Crown cover percentage and associated presence of A. asparagoides. 
Crown cover (%) 0-10 11-20 21-30 31-40 41-50 51-60 61-70 
# Quadrats 16   8   6 35 66 106 34 
% Total   5.9   2.9   2.2 12.9 24.4   39.1 12.6 
A. asparagoides        
% Present 37.5 62.5 33.3 45.7 45.5   56.6 70.6 
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6.2.3 Modelling process 
The logistic regression models were developed using the S-Plus® statistical package 
(Insightful 2002) and the data set described in the previous section. A stepwise function 
(stepAIC) from the MASS library of Venables and Ripley (2002) found within the S-Plus® 
program, was used to generate a series of models with various combinations of predictor 
variables. The impact/effect of each predictor variable was then examined for significance 
using both the Wald statistic and the LLR or G statistic. This series of initial models was used 
as a starting point for developing the final model. The G statistic and the Wald statistic for 
each predictor variable were used to manually fine-tune the model. McFaddens R2 statistic 
was used to compare models against each other and contingency tables were also generated 
for each model to determine how well the model correctly predicts outcomes. 
Diagnostic plots of partial residuals were also generated and examined to assess whether the 
linear relationships used for each variable in the model held true (Krause and Olson 2002). 
All of the procedures outlined above were executed using command line programming in the 
S-Plus® environment. The S-Plus® code for this study was based on the examples provided in 
Venables and Ripley (2002), Krause and Olson (2002) and Everitt (1994). 
6.2.4 Probability mapping 
The logistic regression estimates for the best model (ORR.best) were saved in the S-Plus® 
dataset used to build the model. These data were exported from S-Plus® as a comma delimited 
text file. This file was then imported into ArcView 3.2a (ESRI 2000) where it was displayed 
as a point predicted probability map. The ability of ORR.best to correctly predict A. 
asparagoides presence using two different threshold values (0.5 and 0.4) was examined in 
order to determine if a better percent correct prediction was possible with a shift in the 
threshold. Finally the logistic regression probability estimates were used to produce a 
probability surface map. The method used to interpolate probabilities for the whole study area 
is the inverse distance weighting (IDW) function. This involves using the values of the 12 
nearest neighbouring points to derive probability values for unknown locations for ORR that 
were then mapped as a probability surface. 
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6.3 Results 
The modelling procedure identified two separate models for the presence of A. asparagoides 
within ORR. The logistic regression results are presented for each model and while one model 
is statistically more powerful, there may be good reason for using each model in particular 
circumstances. The two models represent the end-stage of manual fine-tuning after using an 
automated stepwise process. Therefore it is possible that variables with a non-significant 
Wald statistic are included because the more powerful G statistic for the particular variable in 
question was significant. The modelling procedure also examined each model based on its 
ability to not only correctly predict the presence of A. asparagoides, but also the impact that 
predictability had on both false positive and false negative responses. The following 
discussion examines the two models: 
1. The first model (ORR.best) represents statistically the best overall model developed 
from all the variables, that is, the model that gives the best goodness-of-fit. 
2. The second model (ORR.simple) represents the simplest or most efficient model that 
provides the best possible predictability for the presence of A. asparagoides. 
6.3.1 ORR.best 
The form of the first model ORR.best is given by: 
ORR.best=0.317 0.022Crown 0.016Under 1.38Habit 0.043Drds:lod10.048Drds:lod2 
+0.036Drds:lod3 +0.001Drds:crown. 
The estimated coefficients and their associated Wald statistic (β/ S.E.β)2 for the model 
ORR.best are presented in Table 6-9. While the Wald statistic for Crown and Drds:lod3 are 
not significant at p<0.05, the results listed in Table 6-10 indicate that the G statistic is 
significant for all predictor variables at p<0.05. Since the G statistic is a more preferable 
measure of significance both Crown and Drds:lod3 were retained in the model. 
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Table 6-9. ORR.best Logistic regression coefficients (Dependent variable = Bc). 
Variable β S.E.β t-value (β/ S.E.β)2 Pr(Chi) 
Constant   0.317 0.657   0.483 0.233 0.6292 
Crown - 0.022 0.016 - 1.399 1.958 0.1618 NS 
Under - 0.016 0.005 - 2.879 8.290 0.004** 
Habit - 1.379 0.511 - 2.698 7.282 0.007** 
Drds:lod1 - 0.043 0.022 - 1.996 3.984 0.0459* 
Drds:lod2 - 0.048 0.022 - 2.236 4.998 0.0254* 
Drds:lod3   0.036 0.038   0.939 0.881 0.348 NS 
Drds:crown   0.0009   0.0004   2.249 5.056 0.0245* 
                    χ2               df     Significance    McFaddens R2 
Model     36.19              7       0.0000***             0.0965 
*** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
Note that in Table 6-9, the model ORR.best includes three variable interactions for level of 
disturbance and one for the distance of the quadrat to a path/road, even though in Table 5-2-4, 
distance of the quadrat to a path/road is a continuous variable. 
Table 6-10. ORR.best Logistic regression results: Deviance and significance values. 
Variable G -2LogLikelihood Pr(Chi) 
Constant         374.86  
Crown   5.43        369.43 0.0199* 
Under 11.83        357.60 0.0006*** 
Habit   4.47        353.13 0.0345* 
Drds*lod   8.33        344.80 0.0396* 
Drds*crown   6.13        338.66 0.0133* 
*** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
The overall model is significant at p<0.001 according to the model chi-squared statistic. The 
model overall is slightly better than chance and predicts 67% of the responses correctly (Table 
6-11). Conversely the model ORR.best can be expected to correctly predict the presence of A. 
asparagoides in 74% of cases. The model, however, also has a rate of predicting A. 
asparagoides to be present when in reality it is not only slightly better than would be 
predicted by chance, with a false positive of 40%. This result would seem to suggest that there 
are variables other than those considered that influence A. asparagoides presence and or that 
there is a large degree of randomness about the process. McFaddens R2 statistic is 0.097 and 
will be compared with McFaddens R2 statistic for the second model. 
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Table 6-11. ORR.best: Percent correct predictions. The threshold value is 0.5. 
Predicted 
  0     1 % Correct
0 77   51 60 Observed
1 37 106 74 
Overall % Correct 67 
Interpretation of the model begins with an examination of the variable coefficients. To begin 
the interpretation, the sign of the coefficient needs to be considered. Coefficients with a 
positive value increase the odds ratio. The increase occurs because the predicted probability 
of A. asparagoides presence increases and the predicted probability of it not being present 
decreases. The converse is true for coefficients with a negative value. To obtain some 
measure of influence that each dependent variable has on the dependent variable, the odds 
ratio and 95% confidence interval (CI) estimates for each odds ratio are examined (Table 
6-12). The odds ratio can provide an indication of how much influence a particular variable 
exerts irrespective of its degree of significance by percentage change, i.e., (eβ-1)*100. 
Table 6-12. Odds ratio, percent change in the expected odds and the 95% confidence interval 
for each odds ratio in ORR.best. 
Variable β eβ Odds Ratio % Change 95% CI for eβ 
Constant  0.317   1.373   37.3 0.38 4.98 
Crown -0.022 0.98   -2.2 0.95 1.01 
Under -0.016 0.99   -1.5 0.97 1.00 
Habit -1.379 0.25 -74.8 0.09 0.69 
Drds:lod1 -0.043 0.96   -4.2 0.92 1.00 
Drds:lod2 -0.048 0.95   -4.7 0.91 0.99 
Drds:lod3  0.036 1.04   3.7 0.96 1.12 
Drds:crown  0.0009   1.001   0.1 1.001 1.002 
Keeping all other variables constant, each percent increase in the variable Crown results in a 
0.02 decrease in the likelihood of a quadrat having A. asparagoides present. However, the 
change in the log-odds of A. asparagoides per 1 unit increase in Crown could be as little as 
0.95 or as much as 1.01 with 95% confidence. This almost negligible impact of crown percent 
cover on A. asparagoides presence is consistent with the finding that over 75% of quadrats 
had Crown cover greater than 40% (Table 6-8) and that there was a small difference in the 
level of significance between the Wald statistic (NS) and the G statistic. In quadrats of a given 
Crown cover, the effect that increasing distance from paths has on the odds of A. 
asparagoides being present are almost non existent even though both the Wald and G 
statistics were statistically significant at p<0.05. 
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The variable Under also shows a slight decrease in the log-odds of a quadrat having A. 
asparagoides present with an increase in percent understorey cover. This is reasonable since 
higher cover would make seed germination and seedling establishment more difficult. While 
both the Wald and G statistics were statistically significant, the marginal impact on the log 
odds is most likely due to the fact that the frequency distribution of values for the variable 
Under is negatively skewed with the majority of the quadrats having a mean percent cover 
less than 25%. 
The variable Habit is categorical and binary, i.e., at least one Tree (coded as 1) or Not a Tree 
(coded as 2). The odds in favour of A. asparagoides being present in a quadrat when Habit is 
Not a Tree, decrease by 75% with a 95% CI of (0.09, 0.69). Alternatively the odds in favour 
of A. asparagoides being present in a quadrat having at least one tree is four times more likely 
than a quadrat having no trees. 
When disturbance and distance from paths is considered, in quadrats with no disturbance 
(Lod1) or limited clearing (Lod2), increasing distance away from paths decreases the odds of 
having A. asparagoides present. This outcome is expected given that chapter three and 
chapter four suggested a link between paths and invasion with chapter five providing some 
evidence for decreasing A. asparagoides density away from the tracks and paths in ORR. 
However, for disturbed (Lod3) quadrats, increasing distance from paths actually increases the 
odds of having A. asparagoides present. Although it initially appears to be an unexpected 
outcome, a number of points need to be considered. First the number of quadrats rated as 
disturbed is small and represent just over 7% of the total number of quadrats. Second the 
Wald statistic for Lod3 is not significant. Finally the G statistic does not distinguish the 
individual contribution made by each level of disturbance, so Lod1 and Lod2 may 
statistically override the non-statistically significant Lod3. 
6.3.2 ORR.simple 
The second model ORR.simple is a reduced version of ORR.best, having only three predictor 
variables. This model was selected because the variables can easily be collected, there is no 
requirement for a subjective interpretation of disturbance or the need to derive distance to 
path data and Landcare people with basic GIS skills could apply the model. From a 
management perspective, the model also has a slightly better correct prediction rate for A. 
asparagoides presence than ORR.best. The form of the model ORR.simple is given by: 
ORR.simple = 0.304 +0.005Crown 0.019Under 0.799Habit. 
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As is the case in ORR.best, although Crown is not significant according to the Wald statistic 
(β/ S.E.β)2, the G statistic is statistically significant at p<0.05 for all of the predictor variables 
(Table 6-13 and Table 6-14). The model chi-squared statistic reveals that the overall model is 
also highly statistically significant at p<0.0001. 
Table 6-13. ORR.simple Logistic regression coefficients (Dependent variable = Bc). 
Variable β S.E.β t-value (β/ S.E.β)2 Pr(Chi) 
Constant -0.304 0.486 -0.625   0.391 0.5318 
Crown  0.005 0.011  0.471   0.222 0.6377 NS 
Under -0.019 0.005 -3.687 13.597 0.0002*** 
Habit -0.799 0.402 -1.987   3.949 0.0469* 
                    χ2               df     Significance    McFaddens R2 
Model     21.73              3       0.0001***              0.0579 
*** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
The McFaddens R2 statistic for ORR.simple is also very low at 0.058 again indicating other 
factors are operating to influence A. asparagoides presence. ORR.simple has an overall ability 
to correctly predict 62% of the responses (Table 6-15). This is marginally better than chance 
and only slightly less than ORR.best (67%). 
Table 6-14. ORR.simple Logistic regression results: Deviance and significance values. 
Variable G -2LogLikelihood Pr(Chi) 
Constant  374.86  
Crown   5.43 369.43 0.0199* 
Under 11.83 357.60 0.0006*** 
Habit   4.47 353.13 0.0345* 
*** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
 
Table 6-15. ORR.simple: Percent correct predictions. The threshold value is 0.5. 
Predicted 
  0     1 % Correct
0 57   71 45 Observed
1 33 110 77 
Overall % Correct 62 
Interpretation of the coefficients for ORR.simple follows an analogous pattern for the 
equivalent variables in ORR.best. The variable coefficients, their odds ratio and 95% 
confidence interval (CI) estimates for each odds ratio for ORR.simple are presented in Table 
6-16.The effect of Crown cover is very small, with a one-unit change in Crown resulting in a 
0.5% decrease in the log-odds of a quadrat having A. asparagoides present. A similar small 
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decrease is observed for a change in understorey cover even though the G statistic for Under 
is highly statistically significant at p<0.001. For the variable Habit, the likelihood of A. 
asparagoides being present in a quadrat when there is a change in Habit from Tree to Not 
tree, decrease by 55%. However with a 95% CI of (0.21, 0.99), this decrease in the likelihood 
of A. asparagoides being present could be as large as 79% or as little as 1%. 
Table 6-16. Odds ratio, percent change in the expected odds and the 95% confidence interval 
for each odds ratio in ORR.simple. 
Variable β eβ Odds Ratio % Change 95% CI for eβ 
Constant -0.304 0.74 -26.2 0.29 1.91 
Crown -0.005 1.01    0.5 0.98 1.03 
Under -0.019 0.98   -1.9 0.97 0.99 
Habit -0.799 0.45 -55.0 0.21 0.99 
6.3.3 Is there a significant difference between models? 
Two points of interest arise when both models are compared with respect to their predictive 
success. Firstly, the ORR.best model has a reduced rate of correctly predicting the presence of 
A. asparagoides (74%) compared to 77% for the ORR.simple model. Second, while the 
ORR.simple model has a marginally better predictability for presence of A. asparagoides, it 
also has a much larger false positive rate of 55% compared to 40% for ORR.best. The 
implication of this result will be discussed further in the final section of the chapter. 
A model likelihood ratio test can be performed to compare the performance of two different 
models in the same way in which the G statistic is used to test the addition of each extra 
predictor variable to a single model. The result of a model likelihood ratio (LR) test 
comparing the two models is shown in Table 6-17. Since the chi-squared value is greater than 
the critical value at p<0.001, the extra coefficients in ORR.best (Drds:crown and Drds:lod) 
are statistically significant and important in contributing to the model performance. The 3% 
increase in the ability of ORR.best to correctly predict presence/absence 67% of the time 
compared to the ability of ORR.simple to correctly predict presence/absence 62% of the time 
is statistically significant. 
Table 6-17. Comparison of the two models using the likelihood ratio test. 
Model Residual Deviance (-2LogLikelihood) 
ORR. simple 353.13 
ORR. best  338.66 
          χ2 Value     df    Critical Value (p<0.001) 
LR     21.73          4            18.47  
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The two models presented (ORR.best and ORR.simple) provide a similar degree of predictive 
ability, both in terms of overall correct prediction (67% - 62%) and correct presence 
prediction (74% - 77%), the ORR.best model with a lower false positive rate (40% compared 
to 55%) would be the preferred model to use in most cases. The use of the models in differing 
circumstances will be examined in the discussion. 
6 3.4 Changing probability threshold values 
Using the individual probabilities for each quadrat (excluding those in pasture), the borderline 
cases, where A. asparagoides was predicted to be absent, were examined to determine 
whether the models predictive capability could be improved. A reduction in the threshold 
value from 0.5 to 0.4 using ORR.best results in a large jump in percent correct prediction for 
A. asparagoides presence from 74% to 91% (Table 6-18). While this improvement is at the 
expense of an increase in the false positive rate from 55% to 62% the overall percent correct 
prediction using a 0.4 threshold (66%) is essentially the same as that for the 0.5 threshold 
value (67%). However, the most interesting observation is the 65% reduction in false negative 
predictions from 26% down to 9%. 
Table 6-18. Percent correct predictions for ORR.best. A comparison of two threshold values 
(0.5 and 0.4). 
Predicted 0.5 threshold 
  0     1 % Correct
0 77   51 60 Observed 
1 37 106 74 
Overall % Correct 67  
Predicted 0.4 threshold 
  0     1 % Correct
0 49   79 38 Observed
1 13 130 91 
Overall % Correct 66  
When the same threshold values are applied to the predictions for ORR.simple the results are 
mediocre at best. The results for both threshold values presented in Table 6-19 show that the 
overall percent correct rate is no better than chance and there is no improvement in the 
percent correct A. asparagoides prediction rate when compared to that obtained using 0.5 as 
the threshold. 
Table 6-19. Percent correct predictions for ORR.simple. A comparison of two threshold 
values (0.5 and 0.4). 
Predicted 0.5 threshold 
  0     1 % Correct
0 57   71 45 Observed 
1 33 110 77 
Overall % Correct 62   
Predicted 0.4 threshold 
  0     1 
% Correct
0 38   90 30 Observed
1 37 106 74 
Overall % Correct 53 
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6.3.5 Probability surface 
The estimated probabilities of A. asparagoides for each quadrat location generated by the 
model ORR.best are shown in Figure 62. Visual examination does not show any pattern in 
the predicted probabilities. 
 
Figure 62. Predicted probabilities for A. asparagoides using the fitted values for the logistic 
model ORR.best. 
Figure 63 indicates the extent of the probability surface interpolated using the predicted 
probabilities of ORR.best. Probabilities are high particularly at the northern end of ORR. The 
two peaks of high probability located in the top western side represent anomalies resulting 
from the presence of A. asparagoides in fenced-off remnant vegetation located in the pastures. 
The probability surface mirrors the results found in the previous chapter revealing two 
invasion fronts, one at the southern end of ORR and a major front at the northern end of ORR. 
There is also a central section where the probability is low corresponding to the section of 
ORR where there were few quadrats with A. asparagoides. 
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Figure 63. Interpolated probability of A. asparagoides using the fitted values for the logistic 
model ORR.best. 
6.4 Discussion 
From the results in the previous chapter, there was a suspicion that paths and tracks may 
influence the dispersal of A. asparagoides through the study site. The model building process 
leads to the conclusion that there is some effect (Hosmer and Lemeshow 2000) between 
crown percent cover, disturbance and distance of a quadrat to the nearest paths and tracks on 
the presence of A. asparagoides at least within ORR. The deviance (G) and significance of the 
two variables distance of quadrat to paths and disturbance (Drds:lod G = 8.3315, p = 0.0396) 
and distance of quadrat to paths and crown (Drds:crown G = 6.1338, p = 0.0133) provide 
further evidence that distance of a quadrat to a path does have some influence on the 
distribution of A. asparagoides, particularly in the early stages of invasion. 
The difference between the full (ORR.best) and the reduced (ORR.simple) models is further 
highlighted when the model predictions are considered using a threshold value of 0.4. A 
complete lack of improvement in predictability for the simple model compared with that for 
the full model would seem to imply that the effect of distance of quadrats to paths for 
different levels of disturbance and crown cover and the presence of A. asparagoides are 
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strongly associated. The utility of both models as tools for the control of A. asparagoides 
needs to be examined from a management perspective. 
The variables identified as influential are relatively easy to acquire, either as remotely sensed 
data or by simple field survey that does not require specialist skills. The choice of which 
model to use (ORR.best or ORR.simple) would need to take into account a number of factors 
that could include available resources such as labour and herbicides, time limits, the size of 
the reserve that needs to be managed and whether the goal is control or extirpation. In the first 
instance, the reduced model may be more appealing from a management perspective since 
fewer parameters are required. 
Three points need to be considered however. First the high false positive rate for ORR.simple 
may lead to more time and limited resources being spent on searching sites where there is no 
A. asparagoides. This may not be a problem in small remnant patches but in large areas it 
could be an inefficient use of resources. Second, the high false negative rate for ORR.simple 
may mean that missing those sites has a significant impact on the management of the weed 
since they form sources for new propagules. Third, the life history of A. asparagoides, with 
its rapid growth and seed set providing new propagules for dispersal means missing a site 
with a plant would lead to continuing spread and invasion. Given the above points, the extra 
effort in obtaining all variables and using ORR.best would in fact be the preferred option in 
dealing with A. asparagoides invasion. In this situation the ability of the full model (0.4 
threshold) to correctly predict A. asparagoides presence in 91% of cases and the 
correspondingly low false negative rate would be more appropriate to use. 
In general terms therefore, the impact that higher false negative rates may have on the 
invasion process could be more crucial and should be considered when assessing the 
suitability of applying any model to a particular weed species. Where a weed species has a 
long juvenile stage and produces few propagules and/or propagules that are not easily 
dispersed, then missing false negatives are not particularly crucial. When the time frame from 
establishment to reproductive adult is long, it allows searches for missed weed individuals to 
be undertaken by spreading available limited resources without exacerbating the weed 
problem. However, for a weed species with a life history consisting of rapid growth to 
reproductive adult and producing seeds requiring generalist dispersal vectors, missing any 
plant would result in the rapid establishment of new source foci from which the invasion 
could proceed. 
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The variables of Crown cover and plant Habit represent different facets of the vegetative 
structure of the overstorey. Crown cover influences light levels that in turn would impact on 
germination and growth while the presence of trees may act as recruitment foci by providing 
roosting sites for the primary disperser of A. asparagoides, birds. The presence of an 
understorey could be a contributing factor in providing a positive microenvironment that 
improves the success of seedling germination and survival to the adult reproductive stage. To 
test the associations and effects of the variables identified during the modelling process, 
possibly by experimental manipulation of a remnant, requires the identification of other sites 
where the process of invasion by a bird dispersed fleshy-fruited weed is just beginning. 
From an ecological point of view, with the addition of more variables to improve prediction, 
it is more likely that variables with a spurious association with the outcome or that only 
predict the outcome in the specific conditions of the study site will be included. It is therefore 
necessary to validate the model across a range of conditions. Given the restricted scope of this 
study a second independent site on Phillip Island will be used to see if this model of A. 
asparagoides presence is generally applicable. 
6.5 Summary 
This chapter began with an overview of logistic regression, summarising the steps used during 
the modelling process, fitting the variable coefficients, testing the significance of coefficients 
and interpreting the coefficients using the odds ratio. Two models were developed using the 
data from the fieldwork described in chapter three; one model represented statistically the best 
overall model while the second model was the simplest or most efficient model. The ability to 
correctly predict the presence of A. asparagoides while keeping false negative rates low was 
examined for each model using different threshold criteria to assign presence or absence to 
the model output. While the full model gave a slightly better prediction rate, there was little to 
differentiate it from the reduced model. However, using a threshold of 0.4, the full model was 
clearly better able to correctly predict A. asparagoides presence and minimise the false 
negative rate. The full model output was used to interpolate a probability surface for the study 
site. The probability surface appearance was similar to that found for the mean cover density 
surface in chapter five adding further evidence to suggest that the invasion of ORR was 
occurring from each end where a number of peaks of high probability indicate satellite 
colonies while the centre of ORR remains relatively free of A. asparagoides. The next chapter 
will examine if this model is generally applicable by testing it at a second independent site on 
Phillip Island. 
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Chapter 7 
 
 
 
Model Validity: Testing at a Second Site 
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7.0 Introduction 
Chapter five provided further evidence suggesting paths and tracks may act as a controlling 
factor during the initial stages of invasion into ORR. Chapter six covered the steps used in the 
development of a logistic regression model to estimate the probability of A. asparagoides 
presence within ORR. Two models were presented: a full model that proved to be very 
effective at correctly predicting A. asparagoides presence, particularly when a threshold value 
of 0.4 or greater was used to assign presence to a quadrat, and a reduced model that could not 
match the performance of the full model regardless of which threshold value was used to 
assign presence. 
This chapter serves a number of purposes. First it seeks to test a number of the results 
obtained in the previous chapters to see if they hold true at a second independent site. For 
example, is the observation that tracks and paths may be a factor influencing dispersal of A. 
asparagoides apparent at other sites, and does the invasion lead to the short distance dispersal 
and long distance clumping evident in ORR? A model that is site-specific has limited appeal 
so a second objective for this chapter is to see if the logistic regression model for predicting A. 
asparagoides in ORR is generally applicable to predicting A. asparagoides at an independent 
site  that is, to validate the model. 
The chapter begins with a description of a second independent site from which a new set of 
field data were collected. A selected number of the analytical methods used in the previous 
chapters are performed with this new data set. The methods include visual mapping of mean 
cover density (chapter three), kernel intensity estimation and Ripleys K function (chapter 
four), spatial extent (chapter five) and logistic regression modelling (chapter six) Finally the 
results are discussed with respect to the validity of applying the findings generally. 
7.1 Ventnor Koala Reserve 
Data for this analysis were collected in the field at a second independent site, the Ventnor 
Koala Reserve. Figure 71 shows the location of Ventnor Koala Reserve (hereafter VKR) in 
the northwest corner of Phillip Island. Ventnor Koala Reserve is approximately 4.3 km west 
of the primary study site and is in many respects similar to Oswin Roberts Reserve and 
conforms to the criteria listed in chapter three (Section 3.2). 
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Figure 71. Location of Ventnor Koala Reserve on Phillip Island. 
Ventnor Koala Reserve is a patch of remnant vegetation, bounded by two roads, Ventnor 
Road along the north boundary and Pyramid Rock Road along the east boundary (Figure 7
2). It sits in a heterogeneous landscape surrounded by pasture with sheep and cattle grazing. 
The vegetation consists of dense stands of swamp paper bark, and a scattering of other trees 
such as manna gums interspersed with previously grazed areas that have been left to recover 
and revegetate. Paths and tracks that range from narrow walking paths through to vehicle 
access roads also dissect VKR. A series of swamp areas and a small creek are also present in 
the southwest quarter. The main difference between VKR and ORR is that the area covered 
by VKR is 78.4 hectares or approximately 30% smaller than the area of ORR (110 hectares). 
All these factors serve to make VKR a suitable replicate site for comparison with ORR. 
Heavy rain experienced on Phillip Island during the week before data collection (August 16th 
to 22nd 2004) resulted in the three swamps in the southwest corner of VKR coalescing to form 
a much larger expanse of water (Figure 72) leading to some areas that could not be accessed 
for data collection. During discussion with a neighbouring landowner, the author was 
informed that this type of flooding was normal and the extent of the swamp was normally 
much larger during years of above average rainfall. A decision was therefore made to record 
point locations on the edge of the swamp during the field sampling. These data were used to 
estimate and map the actual extent of the swamp due to the recent heavy rainfall and compare 
it with the extent of the expected area of water using a digitised version of the 1:25000 Phillip 
Island Special topographic map sheet. 
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Figure 72. Layout of Ventnor reserve showing roads, track network and water features. 
Victorian rainfall comparisons reveal that there has been abnormally low rainfall over the past 
two years (Figure 73) and the area of swamp had been much smaller than is common. 
Asparagus asparagoides could have established in wetlands during a series of dry years and 
dispersed to new sites despite the fact that such habitats are unsuitable for maintaining a 
population in the long term. 
 
Figure 73. Inter annual rainfall difference May/Jan04/05 - May/Jan02/03. Modified from: 
Australian Bureau of Meteorology (2005). 
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7.2 Methods 
7.2.1 Introduction 
This section will deal with firstly, the methods used for the collection of field data and 
secondly, the particular analytical techniques applied to the collected data in order to achieve 
the objectives outlined in the introductory section for this chapter. Generally this part of the 
research uses much of the same procedures outlined in the Methods sections of the previous 
three chapters. Therefore this section provides a brief overview of any previously described 
procedures and expands on any procedures that were specifically used at this site. 
7.2.2 Field Data 
This section covers the various data collected, the field methods used, the location of quadrats 
and quadrat sampling undertaken at VKR. 
7.2.2.1 Tracks and paths 
The first step involved collecting path data since no digital file for the tracks within VKR was 
readily available. Such data were required in order to generate the distance of quadrat to track 
data needed for the logistic regression modelling. A portable GPS receiver, the Trimble GPS 
Pathfinder Pro XRS and the handheld TSC1 data logger (Trimble 2001) were used to collect 
the track and path data. This fieldwork was undertaken on August 28th 2004.  
7.2.2.2 Quadrat locations 
The same systematic sampling method (a regular grid of 20m x 20m quadrats) employed in 
ORR was also used at VKR. The initial quadrat was located by taking coordinates of the 
nearest cross road along the northern boundary from the 1:25000 Phillip Island Special 
topographic map sheet and rounding to the nearest 25m. The first number from a 1-100 
random number table was added to the cross road coordinates and used as the Easting and 
Northing values for the initial quadrat, and each subsequent quadrat location was calculated 
based on a 62.5m separation between quadrats. This dataset enabled each quadrats 
coordinates to be located in the field using a portable GPS receiver. A total of 147 quadrats 
were sampled in VKR (Figure 74). This was about 15% less than the expected number 
(174), since some quadrats were now covered with water or located in parts of the reserve that 
were waterlogged. 
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Figure 74. Location of the 147 quadrats surveyed in Ventnor Koala Reserve. 
To check the variability in quadrat position, the coordinates of a fixed post were recorded 
while in the field. While only three recordings were made, the locations were found to be 
within 1.2 to 1.5 metres of each other, a range similar for the locations in ORR (Figure 7-5). 
This variability in location was within the limits accepted in chapter three and deemed not to 
impact significantly on subsequent analysis. 
 
 
 
 
 
 
 
Figure 75. Spread of coordinates for a field control point. 
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7.2.2.3 Quadrat sampling 
The number of variables and type of data collected for VKR were based on the results of the 
logistic regression model and the track and path sections in chapter five. Table 7-1 provides a 
description of the variables that were recorded using 20m x 20m quadrats for VKR. This 
reduction to just six variables greatly reduced the time required in the field. Quadrats were 
sampled and data collected over two days, the first on August 30th 2004 and the second on 
September 1st 2004. It is extremely unlikely that any seeds that were viable and present in the 
soil would not have germinated by this time (Raymond 1999). During this time of the year, A. 
asparagoides is at the growth stage where mature plants are beginning to produce flowers and 
younger plants are in full growth (Raymond 1999). Therefore there was high confidence that 
all individual plants that would have emerged in the current year had already done so and 
their presence was recorded. 
Table 7-1. Description of the variables collected at Ventnor Koala Reserve. 
Variable Description 
Lod Level of disturbance 1 = none, 2 = limited clearing, 3 = disturbed 
Veg The number of vegetation layers: can be any combination of understorey 
overstorey or ground cover 
Habit Plant habit of the tallest stratum, 1 = Tree, 2 = Not a tree 
Crown Percentage crown cover 
Under Understorey density using the Braun-Blanquet cover scale 
Bc A. asparagoides density using the Braun-Blanquet cover scale. (This data was 
later reduced to presence/absence for the logistic model assessment.) 
7.2.3 Analysis 
This section covers the visual mapping, and spatial and statistical procedures that were 
applied to the field data collected at VKR. The two data sets used in the analysis for ORR 
showed similar trends so it was decided to conduct the analysis for VKR using the one data 
set containing all A. asparagoides mean cover density values. The spatial analysis techniques 
used require a rectangular or square study site. The VKR study site is a rectangle of 875 
metres width and 850 metres depth whose origin is defined by the coordinates x=343775 and 
y=5740200. To avoid unnecessary clutter that the Northing and Easting values may have 
along the graphical axes, the bounding coordinates for the area were reassigned from their 
Northing and Easting values to (0,0) and (875,850). 
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7.2.3.1 Mean cover density mapping 
Data mapping serves to illustrate the progress of invasion within VKR. This mapping and 
analysis was undertaken within the ArcView® GIS environment. Using the method detailed in 
chapter three, A. asparagoides mean cover density for each quadrat was taken as a surrogate 
indicator of the age of the infestation. A series of maps showing the location of quadrats 
having the same mean density was produced. 
7.2.3.2 Kernel intensity estimation 
The SPP intensity is estimated for the distribution of points where A. asparagoides was 
recorded as present using the S-Plus® (Insightful 2002) module S+SpatialStats®. The method 
used to estimate intensity was binning. The points are binned into an nx by ny grid of counts 
(n=50) and these are smoothed out using a loess-smoothing algorithm. A value of 0.2 was 
used for the smoothing parameter as suggested by Kaluzny et al. (1998 p. 160). A filled 
contour plot of intensity estimates was generated to help visualise intensity variation across 
VKR. 
7.2.3.3 Ripleys K-function 
Ripleys K-function analysis was undertaken and four variables, the unweighted L(d) and 
L*(d) and the weighted Lw(d) and Lw*(d) were calculated using the software program PPA 
(Chen and Getis 1998). All of the four variables were then plotted as a function of d. Monte 
Carlo simulations for L(d) and L*(d) and Lw(d) and Lw*(d) provided the 99% confidence 
envelope used for interpreting the results of the K-function analysis. 
7.2.3.4 Spatial extent 
To quantify the change in A. asparagoides density away from tracks and paths, the percentage 
of quadrats containing A. asparagoides per distance range from the tracks was calculated for a 
series of buffers at 20 metre intervals from tracks and paths. These data were tabulated and 
graphed. 
7.2.3.5 Logistic modelling and testing model validity 
The data set was also used to develop a logistic regression model for comparison with the full 
model developed for ORR. An additional simple or efficient model was also constructed 
using only those variables that proved to be statistically significant. 
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The ORR model was also tested using the Ventnor data to determine if it was generally 
applicable using the following procedure: 
The full logistic model for ORR developed in chapter six was used to estimate the probability 
of A. asparagoides presence (pvr) using the data collected for each quadrat in VKR. 
Continuing with the terminology adopted in chapter six, a new logistic model  )L(g is then 
fitted:  
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If the model is valid, pvr must equal pL. This is true when β0 = 0 and β1 = 1 therefore: 
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A plot of pL as a function of pvr will provide an estimate of how well the model performs 
across the range of probabilities. (See Appendix 3 for full details of the above solution). The 
logistic modelling was performed using the command line programming capabilities of S-
Plus® (Insightful 2002). 
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7.3 Results 
7.3.1 The Ventnor reserve data set 
Of the 147 quadrats surveyed, 63% (93) recorded having A. asparagoides present. Table 7-2 
lists the range of A. asparagoides mean percent cover for the 93 quadrats. Slightly more than 
80% of the quadrats have a mean cover percentage of 3% or less which suggests that the 
invasion of VKR is a recent event. A comparison with the ORR data used for the logistic 
modelling showed that just over 60% of the quadrats in ORR have a mean cover percentage 
of 3% or less (Table 3-16) suggesting that the invasion of ORR has occurred earlier than the 
invasion in VKR. 
Table 7-2. Mean Percent Cover of quadrats containing A. asparagoides. 
Mean % Cover Number of Quadrats % of Quadrats 
     87.5   1  1 
     62.5   4    4.2 
     37.5   2    2.1 
     15.0 12  12.5 
       3.0 37  38.5 
       0.5 26  27.1 
         0.25 14  14.6 
Descriptive statistics for the continuous/ratio level variables are presented in Table 7-3 and 
the categorical/nominal-ordinal variables in Table 7-4. 
Table 7-3. Descriptive statistics for continuous variables (n=147). 
Variable Median Mean Std Deviation
Drds    34.7 41        36.3 
Crown    55 50.3        17.8 
Under      3 12.7        17.9 
 
Table 7-4. Descriptive statistics for categorical variables (n=147). 
Variable 0 1 2 3 
Bc 51   96   
Lod    51 39 57
Habit  135 12  
The results in Table 7-3 indicate the presence of extreme values for each of the variables. For 
Drds and Under, the mean is greater than the median indicating the frequency distributions of 
these variables is positively skewed, while for Crown, the mean is less than the median and 
the distribution of variable values is negatively skewed. This suggests that the quadrats in 
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VKR are closely associated with paths, have low understorey cover and higher crown cover 
values than would be expected given their mean values. 
7.3.2 Ventnor reserve site characteristics 
A number of features can be highlighted for VKR based on the variables collected for use in 
the model validation process. For the variable Level of Disturbance quadrats rated as 
Disturbed (Table 7-5) represent 40% of the total number of quadrats (far greater than for 
ORR), whereas quadrats rated None and Limited clearing were evenly represented with 
each being 30% of the total. Asparagus asparagoides was found in over 50% of quadrats 
rated as Limited clearing and Disturbed while in quadrats rated None just over 80% of 
the quadrats recorded A. asparagoides as being present. Overall the distribution of the 
presence of A. asparagoides across all categories of disturbance appears to show a higher 
degree of association with quadrats having no disturbance. The ORR data follow a similar 
trend, although quadrats rated as Disturbed represented a much smaller proportion (7%) of 
the total number of quadrats. 
Table 7-5. Disturbance levels and associated presence of A. asparagoides. 
Level of Disturbance  1 - None natural 2- Limited clearing 3 - Disturbed
# Quadrats 51 39 57 
% Total    34.7    26.5    38.8 
A. asparagoides    
% Present    82.4    61.5    52.6 
Over 60% of the total number of quadrats contained three levels of vegetation, i.e., a ground 
cover, understorey and overstorey (Table 7-6). Just over 30% of the total number of quadrats 
contained two vegetation levels (being any combination of ground cover, understorey and 
overstorey). While the number of vegetation layers shows a similar trend in ORR, there is no 
difference in the percentage of quadrats with two or three vegetation layers containing A. 
asparagoides. 
Table 7-6. Vegetation levels and associated presence of A. asparagoides. 
Number of Vegetation Levels 1 2 3 
# Quadrats   9 45 93 
% Total   6.1 30.6 63.3 
A. asparagoides    
% Present 22.2 51.1 76.3 
Table 7-7 highlights the fact that trees were a dominant feature of the vegetation. Almost 90% 
of the total number of quadrats had at least one tree present. This observation also highlights 
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the fact that vegetation levels predominantly consist of an overstorey component. As was the 
case for ORR, one would expect that the presence of a tree would be a useful determinant of 
A. asparagoides presence given that A. asparagoides is associated with frugivores who need 
to perch somewhere. While Table 7-7 does show that approximately 85% of quadrats where 
the plant habit of the tallest vegetation layer was Not a Tree do not have A. asparagoides, 
these quadrats represent just 8% of the total number of quadrats surveyed in VKR; this is the 
same trend found in ORR. 
Table 7-7. Habit and associated presence of A. asparagoides. 
Habit  1-Tree 2-Not a Tree
# Quadrats 135 12 
% Total      91.8     8.2 
A. asparagoides   
% Present      69.6   16.7 
An examination of percentage Crown cover (Table 7-8) shows that almost 80% of the total 
number of quadrats have a percentage Crown cover greater than 40%. Of these quadrats, over 
65% have a percent Crown cover between 50% and 60%. There is an apparent trend for A. 
asparagoides presence to increase with increased percent Crown cover. 
Table 7-8. Crown cover percentage and associated presence of A. asparagoides. 
Crown cover (%) 0-10 11-20 21-30 31-40 41-50 51-60 61-70 
# Quadrats 13 - - 18 20 62 34 
% Total   8.8 - - 12.3 13.6 42.2 23.1 
A. asparagoides        
% Present 15.4 - - 44.4 55 71 91.2 
7.3.3 Mean cover density: tracks and paths 
The data were explored visually by mapping A. asparagoides mean cover density within 
VKR, beginning with the highest mean cover density. The general pattern of invasion of VKR 
can be seen in the map series generated (Figure 7-6a-f and Figure 7-7). Figure 7-6a shows that 
the quadrat with the largest and oldest infestation is located at the top northeast portion of 
VKR. Figure 7-6b appears to suggest a second entry point into VKR near the edge of the 
swamp in the south west of VKR with two quadrats showing an A. asparagoides mean cover 
density of 62.5%. Figures 7-6d and 7-6e indicate that dispersal of A. asparagoides appears to 
initially follow the eastern boundary of VKR. It is only when A. asparagoides mean cover 
densities of 0.5% (Figure 7-6f) and 0.25% (Figure 7-7) are mapped, that the invasion is seen 
to enter the centre of VKR. 
 175
 
Figure 76. Map series showing mean Asparagus asparagoides density from 87.5% to 0.5%. 
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Figure 77. Mean Asparagus asparagoides density: 0.25% and greater. 
The association with the track network is not as strong in VKR as it appeared in ORR. In 
VKR, Figure 7-6e is beginning to show some preference for dispersal along the track 
network. It is only when quadrats with a mean cover density of 0.5% to 0.25% are mapped 
that the vegetation between the paths and tracks is progressively invaded. These mean cover 
densities represent those quadrats in which A. asparagoides has only recently become 
established and indicates how the invasion accelerates once large source foci become 
established. 
7.3.4 Kernel intensity estimation 
The results of the kernel intensity estimates reveal that the highest values are located along the 
edges of VKR (Figure 78). There are no clear peaks of intensity as is the case for ORR and 
this would appear to further support the fact that the invasion of VKR is a recent 
phenomenon. The impact of the swamp is clearly evident in Figure 78 and Figure 79. 
Figure 79 lends further support to the idea that pathways appear to act as a conduit to the 
invasion process, where the intensity contours along the western boundary are parallel to the 
north-south track running along the boundary. The southern boundary represents an edge 
where VKR is adjacent to pasture and corresponds to the increased number of quadrats 
containing A. asparagoides with a mean cover density of 0.5% or less as shown in Figure 7-6f 
and Figure 7-7. 
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Figure 78. Contour plot of kernel intensity estimates for Ventnor Koala Reserve. 
 
Figure 79. Contour plot of KIE overlaid with roads (red), tracks (black) and surface water 
(black bold). Dotted lines indicate expected extent of swamp. 
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7.3.5 Ripleys K-function 
A series of plots (Figure 710 to Figure 713) were generated using the unweighted and 
weighted Ripleys K-function. Figure 710 is a plot of L(d) as a function of d. 
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Figure 710. L(d) as a function of d for VKR data set showing the observed values of L(d) 
and the 99% confidence envelope for complete spatial randomness. 
Figure 710 shows that there are a small number of distances where there is a departure from 
complete spatial randomness. These distances are more clearly depicted in the L*(d) plot of 
Ripleys K-function that employs a different standardisation to emphasise any effects present 
(Figure 711). 
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Figure 711. L*(d) plotted as a function of d. The dotted lines indicate the 99% confidence 
envelope for complete spatial randomness. 
For distances between 40m and 60m, the observed L*(d) is below the minimum confidence 
envelope and indicates a statistically significant (p>0.01) regular or dispersed distribution of 
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points where A. asparagoides is present. However, this is an artefact of the survey technique 
employed since no quadrats are located less than 60m apart. The weighted K-function plots in 
Figure 712 and Figure 713 confirm this interpretation. 
Beyond this distance, the pattern oscillates above the maximum confidence envelope, with 
peaks at 90m, 150m and 200m suggesting that there is clustering of points where A. 
asparagoides is present. There are a further two points at 275m and 330m where clustering is 
apparent, although these two peaks are not very large. The wavelength of the L*(d) plot is at 
60m intervals (≈ quadrat separation of 63.5m); this result is problematic. One explanation 
may be the fact that there are fewer points with A. asparagoides present or that over 80% of 
points have a mean cover density of 3% or less (suggesting that the length of time of invasion 
VKR has not been as long as ORR). Therefore, there has not been enough time for large and 
mature areas of clumping to occur. Thus as the length of time an invasion has been present in 
a reserve increases, the primary factors that impact on spread during the first years of the 
process may become less important with time. 
The results of the weighted K-function analysis in chapter four reveal that the ORR data are 
showing a real pattern rather than simply a product of the survey method. When the K-
function is weighted with mean cover density for A. asparagoides (Figure 712 and Figure 7
13), both Lw(d) and Lw*(d) lie above the 99% confidence envelope for distances between 75m 
and 250m. As is the case for the ORR data, this indicates that A. asparagoides density values 
are not distributed in a random pattern within the clumped pattern of points found in the 
unweighted K-function analysis. 
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Figure 712. Lw(d) plotted as a function of d. The dotted lines indicate the 99% confidence 
envelope for complete spatial randomness. 
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Figure 713. Lw*(d) plotted as a function of d. The dotted lines indicate the 99% confidence 
envelope for complete spatial randomness. 
The observed Lw*(d) values for distances between 75m and 250m indicate that for a particular 
site with a high A. asparagoides mean cover density there is clustering among the sites 
(Figure 713). The null hypothesis of a random pattern of values in the already determined 
clustering pattern of points found with the unweighted L(d) can be rejected. 
7.3.6 Spatial extent 
The map series in the previous section visually suggest an A. asparagoides invasion 
proceeding along tracks and paths. Table 7-9 records data from a series of buffers radiating 
out at 20 metre intervals; the data recorded are the number of quadrats within each buffer and 
the percentage of quadrats with A. asparagoides present. 
Table 7-9. Buffer range, quadrat counts and percentage of quadrats with Asparagus 
asparagoides present. 
Buffer Quadrat counts: A. asparagoides % quadrats with 
Distance (m) Present Absent A. asparagoides 
  0-20 32 12 72.7 
21-40 30 14 68.2 
41-60 19   4 82.6 
61- 80   8   4 66.7 
  81-100   5   8 38.5 
101-120   1   5 16.7 
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There are another five quadrats beyond the 120-metre buffer that are not recorded in Table 
7-9, four of which do not have A. asparagoides. Figure 714 reveals a quantitative correlation 
of the number of quadrats with A. asparagoides present per unit area away from track. It 
indicates a slight trend of a reduction in A. asparagoides as the distance away from tracks 
increases. This reduction is similar to the one found for ORR. 
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Figure 714. Percentage of quadrats with Asparagus asparagoides present as a function of 
distance from tracks for Ventnor Koala Reserve. 
7.3.7 Logistic modelling 
The following procedures and models are described: 
1a) The model ORR.best is applied to the VKR data set without changing coefficients. This 
model is used to answer specifically the purpose stated at the beginning of this chapter: is 
the model valid at an independent site? 
1b) The model ORR.simple is also applied to the VKR data set (also without changing 
coefficients) in order to determine how well the simple model would correctly predict A. 
asparagoides presence at an independent site. 
2a) A new model, VENT.orr is fitted using the form of model ORR.best and recalibrating 
the model to obtain a new set of coefficients using the VKR data set. 
2b) A second model (VENT.simple) is developed using only those predictor variables that 
were statistically significant as determined by the deviance (G) in VENT.orr. 
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7.3.7.1 ORR.best  Validation at an independent site 
To test the validity of ORR.best, the independent data set from VKR was used to calculate the 
probability (pvr) of having A. asparagoides for each quadrat in VKR. The results for 0.5 and 
0.4 thresholds are shown in Table 7-10. The results for the 0.5 threshold show that ORR.best 
has the same overall percent correct rate (67%) in VKR as it does in ORR. The model has a 
higher percent correct rate for presence of A. asparagoides but at the expense of a higher false 
positive rate (65% - VKR, 40% - ORR). At the 0.4 threshold, the model ORR.best has a 
higher overall percent correct rate (72% - VKR, 66% - ORR) and performs marginally better 
at predicting presence of A. asparagoides (98% - VKR, 91% - ORR) but at a higher false 
positive rate (76% - VKR, 62% - ORR). 
Table 7-10. ORR.best Percent correct predictions for VKR data (0.5 and 0.4 threshold 
values). 
Predicted 0.5 threshold 
 0  1 
% Correct
0 18 33 35 Observed 
1 13 83 87 
Overall % Correct 67  
Predicted 0.4 threshold 
 0  1 
% Correct
0 12 39 24 Observed
1   2 94 98 
Overall % Correct 72  
A new model was then refitted: L )L( 1ββ += og  where 





−
=
vr
vr
p
p
1
ln L  and the probability 
pL determined. The results of the logistic regression are given in Table 7-11 and  
Table 7-12. 
 
Table 7-11. Logistic regression coefficients (Dependent variable =  )L(g ). 
Variable β S.E.β t-value 
Constant 0.0002 0.2585 0.0007 
L 0.9998 0.1780 5.6168 
 
Table 7-12. Logistic regression results: Deviance and significance values. 
Variable G -2LogLikelihood Pr(Chi) 
Constant         189.79  
L 60.11        129.68 0.0000 *** 
*** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
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When pvr is plotted as a function of pL, the values of pvr and pL are almost identical (Figure 7
15). This is not unexpected given that the coefficient values for β o = 0.0002 and β 1 = 0.9998 
(Table 7-11) are very close to 0 and 1. It follows that if β o = 0 and β 1 = 1 then L)L( =g  and 
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L . Therefore pvr = pL, the model is not biased and can be considered 
valid. 
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Figure 715. The plot of pvr as a function of pL is a straight line fit where pvr = pL. 
7.3.7.2 ORR.simple 
A comparison of the percent correct prediction rates using ORR.simple with the VKR data are 
presented in Table 7-14. Irrespective of the threshold used, the percent correct prediction rates 
show marginal differences. 
Table 7-14. ORR.simple Percent correct predictions for VKR data (0.5 and 0.4 threshold 
values). 
Predicted 0.5 threshold 
 0  1 
% Correct
0 12 39 25 Observed 
1 11 85 89 
Overall % Correct 66  
Predicted 0.4 threshold 
 0  1 
% Correct
0 12 39 24 Observed
1   5 91 95 
Overall % Correct 70  
A comparison of the ORR.simple and ORR.best results using the VKR data reveals that both 
models are reasonably similar in their performance with respect to overall percent correct and 
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percent correct rate for presence of A. asparagoides at both thresholds. If the false positive 
rate is considered then the ORR.best model at the 0.5 threshold performs the best with a rate 
of 65% compared to 76% for ORR.best at the 0.4 threshold and ORR.simple at the 0.4 and 0.5 
thresholds. 
7.3.7.3 VENT.orr  validating the form of the model ORR.best 
The validation result obtained for ORR.best in section 7.3.7.1 appears too good to be true. 
Using the form of ORR.best, a new model is developed in which the coefficients are re-
estimated using the VKR data set. 
The form of the first model VENT.orr is given by: 
VENT.orr =  0.353 + 0.037Crown + 0.004Under  0.149Habit  0.051Drds:lod1  
0.067Drds:lod2  0.095Drds:lod3 + 0.001Drds:crown. 
The coefficients and descriptive statistics for the model VENT.orr are presented in Table 7-15 
and Table 7-16. The only predictor variable with a Wald statistic ((β/ S.E.β)2) that is 
significant at p<0.05 is Drds:lod3. In spite of this, the model chi-squared statistic reveals that 
the overall model is highly statistically significant at p<0.001. This result shows that caution 
is needed in interpreting the Wald statistic on its own. Venables and Ripley (2002) note that 
the G statistic is a more powerful test of significance. The G statistic for each model variable 
is given in Table 6. McFaddens R2 statistic is 0.32. While such a figure appears high given 
that the G statistic indicates only two of the five variables in the model are statistically 
significant, McFaddens R2 statistic is not a reliable indicator of a models predictive 
efficiency (Menard 2000) and should only be used as a comparison across models. 
Table 7-15. VENT.orr Logistic regression coefficients (Dependent variable = bc). 
Variable β S.E.β t-value (β/ S.E.β)2 Pr(Chi) 
Constant -0.353 1.310 -0.269 0.072 0.788 NS 
Crown  0.037 0.040  0.929 0.863 0.353 NS 
Under  0.004 0.014  0.280 0.078 0.780 NS 
Habit -0.149 1.046 -0.142 0.020 0.887 NS 
Drds:lod1 -0.051 0.041 -1.243 1.545 0.214 NS 
Drds:lod2 -0.067 0.042 -1.608 2.587 0.108 NS 
Drds:lod3 -0.095 0.045 -2.121 4.500 0.034 * 
Drds:crown  0.001 0.001  1.043 1.088 0.297 NS 
                    χ2               df     Significance    McFaddens R2 
Model     60.11               7         0.0000***           0.3167 
*** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
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When values for the G statistic are examined (Table 7-16) only two predictor variables, 
Crown and Drds:lod are found to be highly significant at p<0.001. In the ORR.best model 
the G statistics for Crown (5.43) and Drds:lod (8.53) are significant at p<0.05. 
Table 7-16. VENT.orr Logistic regression results: Deviance and significance values. 
Variable G -2LogLikelihood Pr(Chi) 
Constant         189.79  
Crown 28.46        161.33 0.0000 *** 
Under   1.17        160.16 0.2795 NS 
Habit   2.85        157.31 0.0915 NS 
Drds:lod 26.44        130.87 0.0000 *** 
Drds:crown   1.19        129.68 0.2756 NS 
*** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
Table 7-17 lists the percent correct predictions for VENT.orr using threshold criteria of 0.5 
and 0.4. The model overall predicts around 80% of the responses correctly while the presence 
of A. asparagoides is correctly predicted in 94% of cases. There is little difference in percent 
correct predictions between a 0.4 and 0.5 threshold value. The false positive rate for the 
model is no better than chance. While there is an improvement in overall predictability for 
VKR compared to that of ORR.best in ORR and it appears likely that nearly all quadrats with 
A. asparagoides will be correctly predicted, there is still a similar rate of false positives 
regardless of the site (ORR or VKR) the model form is applied to. However, when the percent 
correct rate for VENT.orr and ORR.best using VKR data are compared, the recalibrated 
VENT.orr model has a slightly improved percent correct rate for presence of A. asparagoides 
(94%), compared with the ORR.best model (89%) but a higher overall percent correct rate 
(83% compared to 66%) and a significantly lower false positive rate (47% compared to 75%). 
Table 7-17. VENT.orr Percent correct predictions (0.5 and 0.4 threshold values). 
Predicted 0.5 threshold 
 0  1 
% Correct
0 32 19 63 Observed 
1   6 90 94 
Overall % Correct 83  
Predicted 0.4 threshold 
 0  1 
% Correct
0 27 24 53 Observed
1   5 91 95 
Overall % Correct 80  
The odds ratio and 95% confidence interval estimates for each odds ratio for VENT.orr are 
given in Table 7-18. The variables Crown and Under have a positive coefficient indicating 
that the log-odds of a quadrat having A. asparagoides present increase; with a change in the 
value of Crown by one unit, the log-odds are increased by 4%, while a one value increase in 
Under leads to a 0.5% increase in the log-odds of a quadrat having A. asparagoides present. 
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Though these changes are very small, the 95% CI for the Crown coefficient can be as low as - 
0.0412 and as high as 0.116. This means that the change in log-odds can be as low as 0.96-
i.e., a 4% decrease, or as high as 1.12-i.e., a 12% increase. Similarly, the change in log-odds 
for Under can be as low as 0.98-i.e., a 2% decrease and as high as 1.03-i.e., a 3% increase 
with 95% confidence. Remembering that the change in log-odds is given by (eβ-1)*100 
Table 7-18. Odds ratio, percent change in the expected odds and the 95% confidence interval 
for each odds ratio in VENT.orr. 
Variable β eβ Odds Ratio % Change 95% CI for eβ 
Constant -0.353   0.703 -29.7 0.05 9.17 
Crown  0.037 1.04    3.8 0.96 1.12 
Under  0.004   1.004    0.4 0.98 1.03 
Habit -0.149 0.86 -13.8 0.11 6.70 
Drds:lod1 -0.051 0.95  -5.0 0.88 1.03 
Drds:lod2 -0.067 0.94  -6.5 0.86 1.02 
Drds:lod3 -0.095 0.91  -9.0 0.83 0.99 
Drds:crown  0.001   1.001   0.1 1.00 1.002 
The coefficient for variable Habit is negative and the log-odds of a quadrat having A. 
asparagoides present (with all other variables kept constant) for a one-unit change in Habit 
decrease by 14%. However the 95% confidence interval indicates that the change in log-odds 
can be as little as 0.86-i.e., an 89% decrease or as high as 6.7-i.e., a 570% increase. This large 
variability in the log-odds is reflected in the fact that Habit is not statistically significant. 
The coefficients for the variable Drds:lod are negative indicating that the distance away from 
paths leads to a decrease in the log-odds that a quadrat will have A. asparagoides present 
irrespective of the level of disturbance. This finding is reasonable given the results of the 
spatial extent analysis illustrated in Figure 714. 
7.3.7.4 VENT.simple 
The second model VENT.simple is a reduced version of VENT.orr and only includes two 
predictor variables. The two variables, Crown and Drds:lod were the only ones that were 
statistically significant in the VENT.orr model. The form of the model VENT.simple is given 
by: 
ORR.simple = 1.139 +0.058Crown 0.009Drds:lod1 0.026Drds:lod20.053Drds:lod3 
The VENT.simple model results are presented in Table 7-19 and Table 7-20. The Wald 
statistic for the variables Crown, Drds:lod2 and Drds:lod3 is statistically significant at 
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p<0.01. The G statistic also indicates that both Crown and Drds:lod are highly significant at 
p<0.001. 
Table 7-19. VENT.simple Logistic regression coefficients (Dependent variable = bc). 
Variable β S.E.β t-value (β/ S.E.β)2 Pr(Chi) 
Constant -1.139 0.755 -1.510   2.279 0.1312 NS 
crown  0.058 0.014  4.080 16.646 0.0001 *** 
drds:lod1 -0.009 0.007 -1.280   1.637 0.2007 NS 
drds:lod2 -0.026 0.009 -3.077   9.468 0.0021 ** 
drds:lod3 -0.053 0.015 -3.645 13.283 0.0003 *** 
                    χ2               df     Significance    McFaddens R2 
Model     29.65               4         0.001***             0.3079 
*** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
Table 7-20. VENT.simple Logistic regression results: Deviance and significance values. 
Variable G -2LogLikelihood Pr(Chi) 
Constant         189.79  
Crown 28.46        161.33 0.0000 *** 
Drds:lod 26.44        131.36 0.0000 *** 
*** p<0.001, ** p<0.01, * p<0.05, NS  Not Significant. 
The model chi-squared statistic reveals that the overall model is significant at p<0.001. 
McFaddens R2 statistic is 0.31 and the model overall predicts 82% of the responses correctly. 
Changing the threshold value from 0.5 to 0.4 does not make a large difference to the models 
ability to improve either the overall percent correct figure or the false positive rate (Table 
7-21). 
Table 7-21. VENT.simple Percent correct predictions (0.5 and 0.4 threshold values). 
Predicted 0.5 threshold 
 0  1 
% Correct
0 32 19 63 Observed 
1   7 89 93 
Overall % Correct 82  
Predicted 0.4 threshold 
 0  1 
% Correct
0 26 25 50 Observed
1   5 91 94 
Overall % Correct 79  
The variable Crown has a positive coefficient (Table 7-22) indicating that the log-odds of a 
quadrat having A. asparagoides present increases by 6% with a one unit change in the value 
of Crown. The log-odds of finding a quadrat with A. asparagoides decreases with increasing 
distance that a quadrat is from a path regardless of the level of disturbance in the quadrat. 
These findings are similar to that found for the VENT.orr model. The odds ratio and 
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corresponding 95% confidence interval for each variable used in VENT.simple are given in 
Table 7-22. 
Table 7-22. Odds ratio, percent change in the expected odds and the 95% confidence interval 
for each odds ratio in VENT.simple. 
Variable β eβ Odds Ratio % Change 95% CI for eβ 
Constant -1.139 0.32 -68.0 0.07 1.41 
Crown  0.058 1.06    5.9 1.03 1.09 
Drds:lod1 -0.009 0.99   -0.9 0.98 1.01 
Drds:lod2 -0.026 0.97   -2.6 0.96 0.99 
Drds:lod3 -0.053 0.95   -5.2 0.92 0.98 
The results so far suggest that the VENT.simple model is as appropriate as the VENT.orr 
model given that McFaddens R2 statistics for both models are very similar (VENT.orr-0.32, 
VENT.simple-0.31). This conclusion is strengthened when the results of the likelihood ratio 
test for the two models are examined (Table 7-23). The chi-squared value is less than the 
critical value at p<0.05, indicating that the extra predictor variables in VENT.orr (Under, 
Habit and Drds:Crown) are not statistically significant at p<0.5 and do not improve model 
predictability. 
Table 7-23. Comparison of the two models using the likelihood ratio test. 
Model Residual Deviance 
VENT. simple 131.36 
VENT. orr  129.68 
       χ2 Value     df    Critical Value (p<0.05) 
LR    1.68          3               7.815  
7.3.7.5 General application of the model developed for ORR 
The results so far appear to suggest that model ORR.best is valid, and also that the form of the 
model ORR.best, that is, the recalibrated VENT.orr model is equally applicable. Such a result 
is reasonable when the odds ratios and associated 95% CIs for each of the variable 
coefficients in ORR.best and VENT.orr are compared. 
Table 7-24 shows that the odds ratios for variable coefficients in ORR.best all lie within the 
95% CI for the same variables in VENT.orr. Similarly for VENT.orr all of the variable 
coefficients odds ratios except for Habit, lie within the 95% CI for the same variables in 
ORR.best. This is not because the odds ratios are within the centre of the confidence intervals 
but that the confidence intervals are relatively large. This may explain the relative lack of 
precision in both of the models, in particular the high rates of false positives. However, since 
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the 95% CI represents the highest and lowest value that a coefficient can have with the model 
maintaining its level of predicting probability of presence, it is not unreasonable that the 
results of the validation for ORR.best in section 6.3.5.1 show that pvr is equal to pL. 
Table 7-24. A comparison of the odds ratio and 95% confidence interval for each variable in 
Oswin Roberts Reserve and Ventnor Koala Reserve. 
Variable β eβ Odds Ratio 95% CI for eβ 
 ORR VKR ORR VKR ORR VKR 
Constant  0.317 -0.353   1.373   0.703 0.38 4.98 0.05 9.17 
Crown -0.022  0.037 0.98 1.04 0.95 1.01 0.96 1.12 
Under -0.016  0.004 0.99   1.004 0.97 1.00 0.98 1.03 
Habit -1.380 -0.149 0.25 0.86 0.09 0.69 0.11 6.70 
Drds:lod1 -0.043 -0.051 0.96 0.95 0.92 1.00 0.88 1.03 
Drds:lod2 -0.048 -0.067 0.95 0.94 0.91 0.99 0.86 1.02 
Drds:lod3  0.036 -0.095 1.04 0.91 0.96 1.12 0.83 0.99 
Drds:crown  0.001  0.001   1.001   1.001   1.00   1.002 1.00 1.002
 
7.4 Discussion 
7.4.1 Initial observations 
The presence of an enlarged swamp in VKR may have obscured any secondary pattern of A. 
asparagoides distribution. For example, a second invasion locus at the southwest corner of 
VKR could have existed before flooding. Figure 7-6d shows that two quadrats have a mean A. 
asparagoides cover density of 62.5% and one with a mean cover density of 15%. Such 
densities are consistent with reasonably long established plants that would act as a second 
source of seed and another dispersal locus. Regular flooding of this area of VKR may 
therefore act as a brake, slowing down the progress of A. asparagoides into the reserve, by 
limiting survival of any plants that may have established during periods when the swamp was 
drier. The presence of this swamp may have changed the dynamics of the invasion in VKR. 
The answer to the question of whether or not tracks and paths play role in dispersal at this site 
appears to be yes. There is the visual evidence of initial dispersal along tracks before 
establishment occurs within the areas between the tracks via the series of maps of mean A. 
asparagoides cover density in Figure 7-6 and Figure 7-7. The reduction in the percentage of 
quadrats having A. asparagoides with increasing distance from tracks provides a quantitative 
measure that helps to support the visual evidence. 
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The results of the validation process suggest that the model is transferable and can be used to 
predict the presence of A. asparagoides at independent sites on Phillip Island. The results of 
the odds ratio and 95% CIs suggest that the form of the model is also transferable. While 
recalibration of the coefficients using the VKR data did not necessarily improve the rate of 
predicting the presence of A. asparagoides, it did reduce the false positive rate. One major 
limit that must be considered is the scale at which the model has been developed. All of the 
analysis within this thesis is centred at the habitat (10-10000 m2) scale and the lower end of 
the landscape scale (0.01-1000 km2) as defined by Kollmann (2000). It is unlikely that this 
model could be simply modified for use at a regional or state-wide scale. 
7.4.2 Practical applications of the logistic model 
The results from the earlier analysis in chapter four suggest that the infestation is clumped at 
the two ends of ORR, and the results from VKR suggest that such clumping may be starting 
to become apparent. This result could be typical of sites in the early stages of invasion, and 
the preliminary observations of the presence of A. scandens in the northern half of ORR do 
seem to suggest that such clumping is establishing early in the invasion process. By 
exhaustive searching from such the entry points, eradication of a new invader may be possible 
through targeted herbicide application or manual removal. However, vigilance is still required 
since missing the occasional individual that establishes some distance away from the initial 
entry point will result in establishment of new seed sources. 
The results of the modelling suggest that changing the threshold signifying presence from ≥ 
0.5 to ≥ 0.4 will improve prediction rates when the ORR.best model is used in ORR and 
VKR. Such a shift will reduce the false negative rate to ensure that few individuals are 
missed. For small areas such as these two reserves it may be possible and more effective to 
search everywhere, but at a larger reserve with a smaller proportion already invaded the 
model may prove to be more cost effective than a complete or random search by targeting 
those sites where the probability of weed presence is high. The same change in thresholds 
when the recalibrated VENT.orr model is used does not improve prediction rates. However, 
the VENT.orr model produces better percent correct prediction rates compared with the 
ORR.best model applied to the VKR data. A change in the threshold value from ≥ 0.5 to ≥ 0.4 
when any of the simplified models are used either does not improve prediction rates or 
increases false positive rates. This is the case irrespective of which reserve or data is used; 
therefore it would be preferable to include all variables in the model even though for example, 
their inclusion would not contribute much to the overall performance at different sites. 
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It is evident from the results of the modelling that there are other factors operating in directing 
the dispersal of A. asparagoides through the study sites. For example, the high rate of false 
positives would suggest that there are subtle differences in either the microclimate, landscape 
or vegetation structure that could not be captured by the variables used. Alternatively the bird 
dispersal process is highly stochastic and dispersal is intrinsically difficult to predict with any 
precision. Thus a bird may prefer certain perch types but still visit others regularly, so the 
distinction between perch types is not clear. Also the diverse species-specific behaviours of 
different frugivore species influence the dispersal pattern, leading once more to a lack of 
precision in the model. 
7.4.3 Weed management and remnant vegetation 
The National Land and Water Resources Audit (2001a) report on the assessment of 
Australias native vegetation notes that the nature of remaining native vegetation fragments in 
cleared landscapes represent a key factor in maintaining ecosystem health, landscape function 
and species diversity. However, it found that many of these fragments are in poorly 
functioning landscapes that lacked viability. Management of these fragments will become 
more challenging, especially where the larger proportion of the total native vegetation is 
fragmented (NLWRA 2001a). 
Pressures placed on such remnants include the impact of human populations through urban 
encroachment, tourism and recreational use and harvesting and exploitation of natural 
resources and the introduction of exotic species (SEAC 1996). Of these pressures, invasion by 
exotic species may be a more serious process influencing the long-term maintenance of 
remnant viability especially in those remnants where other factors are already causing 
problems (Williams and West 2000). Another factor that needs to be considered when dealing 
with fragmented vegetation is the degree to which the fragments are connected. 
The degree of connectivity in native vegetation in the 354 subregions of Australia is low with 
connectivity classes ranging from little connectivity through to totally unmodified by major 
structural change (NLWRA 2001a p. 10-11). McIntyre and Hobbs (1999) classify remnant 
vegetation from a landscape view as a continuum based on the degree of original vegetation 
remaining and its connectivity: 
• Relictual (<10% native vegetation, No connectivity) 
• Fragmented (10-60% native vegetation, Connectivity generally low) 
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• Variegated (60-90% native vegetation, Connectivity generally high) 
• Intact  (>90% native vegetation, Connectivity high) 
The size and spatial placement of remnants will also influence management decisions since 
size and contiguity play a crucial role in species loss and gain between remnants via 
metapopulation dynamics (Tilman and Kareiva 1997) as well as access to spatial and temporal 
availability of faunal resources (Williams and West 2000). 
7.4.4 Vegetation corridors and weed invasion 
One solution proposed to overcome some of the problems of biodiversity loss in remnant 
vegetation is to provide a greater connectivity between remnant vegetation within the 
landscape (Saunders and Hobbs 1991). However, Beier and Noss (1998) highlight the 
difficulties involved in answering the question of whether vegetation corridors enhance or 
diminish population viability of species in connected remnants. For their review they define 
corridors as linear habitats connecting remnant vegetation for conservation on the grounds 
that they will enhance or maintain the viability of specific wildlife populations in the 
remnants. While they found that no study has shown a negative impact of corridors, there is 
no general agreement to whether corridors provide connectivity unless a particular focal 
species is considered. Williams (2000) reported the results of a number of studies showing the 
value of networks of original native vegetation in maintaining habitat connectivity among 
woodland remnants. From a management perspective Loney and Hobbs (1991) recognise 
three types of corridors based on their origin: 
1. Natural corridors are those that were present in the landscape and were retained after 
fragmentation e.g. riparian strips and topographic features. 
2. Remnant corridors remain after clearing or alteration of existing vegetation e.g. 
roadside and railway verges. 
3. Cultural corridors are stretches of artificial vegetation e.g. windbreaks and shelterbelts. 
This classification is useful in providing a guide to the condition of the corridor and the 
quality of the linkage with remnant vegetation. It highlights the variability that can exist with 
corridors, distinguishing those of natural vegetation from the efforts of conservation activities 
that aim to recreate corridors through revegetation programs. However the focus of corridor 
studies appears to be biased towards impacts and benefits on native species populations with 
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few looking at exotic species populations. Beier and Noss (1998) point out that rigorous 
studies on the effects of corridors on exotic species invasions are absent. 
The results of this chapter help to strengthen the notion that dispersal of fleshy-fruited weeds 
by avian frugivores occurs along the edges of remnant vegetation and is directed into the 
remnant via paths and tracks. Linking vegetation remnants through corridors could see a rapid 
increase in the rate of spread of an invasive bird-dispersed weed along the corridor edges 
without relying on the rare long distance dispersal events that result in establishment at distant 
sites. Beier and Noss (1998) noted that habitat connectivity can only be assessed from a focal 
species perspective. Therefore providing connectivity between fragments to avian species 
may introduce new potential dispersers with their own particular sets of behaviours that result 
in seed dispersal to a wider range of suitable germination sites. The use of corridors especially 
to link up vegetation fragments that are themselves highly linear and bisected with tracks 
without adequate assessment and control of the weed species present may result in poor 
habitat outcomes for those native species for which they are provided. 
7.5 Summary 
This chapter has established that the invasion of VKR by A. asparagoides follows a similar 
process to that observed in ORR. In both reserves, the invasion by A. asparagoides is a recent 
phenomenon characterised by dispersal along the track network of each reserve. The 
establishment of a source population at or near the edge of both reserves act as the starting 
point from which the invasion proceeds into the centre. The dispersal of A. asparagoides to 
new sites results in the establishment of satellite colonies at distances of 75m to 250m via the 
dispersal activities of avian frugivores. The presence of a large non-permanent water body in 
VKR may have disrupted the dynamics of the invasion process and may be the reason that 
dispersal along the track network is not as obvious in VKR as it is in ORR. 
The findings of this chapter validate the model developed in ORR for use in VKR with very 
little or no modification while still obtaining reasonable rates of correctly predicting the 
presence of A. asparagoides. The model uses simple predictor variables that are easily 
collected in the field by non-experts. Assessment and validation of the model revealed high 
false positive rates but the false negative rate was low. This may be a problem if there are 
constraints on the time available for searching a reserve, or in large reserves where costs 
could also place constraints on time and or labour availability. 
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While the high false positive rate is not ideal, the low false negative rate is of more 
importance for a weed that has a rapid growth cycle from establishment to reproductive adult. 
In terms of weed management, the model may assist in the allocation of limited resources for 
control and eradication, while lessening the risk of missing any plant that would result in the 
rapid establishment of new source foci from which the invasion could proceed. 
The findings of this chapter also have implications for the broader issue regarding the linking 
of remnant vegetation patches with wildlife corridors and the impact that new avian dispersers 
or current avian dispersers with access to new remnants will have on the rate of dispersal of 
fleshy-fruited weeds into new sites. The last chapter will highlight the findings of this 
research project. 
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8.0 Introduction 
This research project has gained an insight into the dynamics of a bird dispersed invasive 
weed species, A. asparagoides, during the early stages of invasion into remnant vegetation. 
The research has led to the development of a simple model to predict the presence of A. 
asparagoides in remnant vegetation on Phillip Island. The model was then validated at an 
independent site on Phillip Island. Placed in a wider context this research is important since it 
has shown that a small number of variables can be used to help on ground management of 
invasion by A. asparagoides at the scale of habitat. This chapter summarises the major 
findings of this research and highlights the success or otherwise of meeting the objectives as 
stated in section 1.5 of chapter one. 
8.1 Conclusions 
Objective 1 sought to determine how A. asparagoides invasion proceeds within a habitat. This 
objective has been realised from the work in chapter three and in chapter five section 5.2.2. 
During the initial stages of invasion, A. asparagoides begins to enter a habitat from the edges. 
Once the weed becomes established, dispersal proceeds along the track network within the 
habitat and along the edges of the habitat before entering the body of the reserve. 
Objective 2 sought to identify the factors that determine where A. asparagoides is found. This 
objective was attained through the preliminary analysis of the field data in chapter three 
where a set of vegetative and landscape elements were identified. The vegetative attributes 
were Ground, Understorey and Overstorey mean cover density, the Number of vegetation 
layers, Percentage crown cover and the plant Habit of the tallest vegetation layer. The 
landscape attributes identified were Disturbance levels, Perch Type and Perch Number and 
distance from the track network. 
Objective 3 sought to examine the spatial nature of dispersal within a habitat and throughout a 
landscape. This objective was achieved in chapter four where it was found that dispersal is not 
a random event. The spatial nature of the dispersal process was visualised through measures 
of spatial intensity and the identification of hot spots indicating the presence of developing 
satellite colonies within the habitat. Analysis of the data using Ripleys K-function helped to 
identify distinct distances within the habitat at which clustering of A. asparagoides was 
apparent. The analysis showed that the longest distance at which this occurred was 
approximately 200m. However, this may not be representative of a true long distance 
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dispersal event, as evident by the findings in chapter three where evidence of dispersal at 
360m to 380m was presented. 
Objective 4 sought to develop a presence/absence model for A. asparagoides invasion within 
the habitat study area. This was achieved in chapter six where a logistic regression model 
using five of the factors identified in chapter three and the distance of quadrat to path in 
chapter five was developed. The logistic model was able to correctly predict the presence of 
A. asparagoides at a rate of 74%. A further improvement in the rate of correctly predicting 
presence up to 91% was possible without affecting the overall performance of the model by 
shifting the model threshold value from 0.5 to 0.4. 
Objective 5 sought to determine the general applicability of the model. This was achieved by 
using the model with data collected at an independent site, as described in chapter seven. The 
model was shown to be valid at this second site achieving a correct percent rate for A. 
asparagoides presence of 87%. The performance of the model did not improve when the 
threshold value was changed from 0.5 to 0.4. 
8.2 Summary of contributions 
The work in this thesis established a comprehensive data set for an extensively surveyed 
remnant vegetation patch to investigate the early stage invasion and dispersal by A. 
asparagoides. As very little quantitative data exist at the habitat scale, in particular for the 
development of objectively based guidelines that can be used for the management of fleshy-
fruited bird dispersed weeds, this data set is important. 
The project also highlighted difficulties in finding suitable remnant vegetation in which to 
carry out this investigation. Many remnants were linear with high edge-to-interior ratios. 
Those vegetation remnants that were large enough to enable edge effects to be discounted the 
presence of extensive path networks excluded them from this study. Similarly such networks 
did not allow for large enough areas between the paths so as to be able to discount any 
influence that adjacent paths may have had on invasion dynamics. Finally, in remnants where 
edge and path effects could be reduced, A. asparagoides had been present for a considerable 
time. This late stage invasion may have already masked any spatial patterns that were present 
during the early stage of invasion. 
Weed invasion into native vegetation presents a challenge from a management perspective. 
Management is all the more critical as urbanisation and agricultural practices within Australia 
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lead to a highly fragmented and heterogeneous landscape. The development and validation of 
a logistic regression model provides a tool that can be used for on ground management of A. 
asparagoides invasion. The high rate of correctly predicted A. asparagoides presence 
provides a high degree of confidence that most infestations will be located and can be targeted 
for removal, either manually or by herbicide use. This information would provide a method of 
targeting weed control in order to maximise limited resources of time, money and labour. 
This project has demonstrated that an inverse relationship between A. asparagoides presence 
with increasing distance from paths is evident during the early stages of the invasion process. 
This inverse relationship had only previously been noted from anecdotal evidence. The role 
that paths and tracks play during the early stages of invasion within remnant vegetation has 
implications for management. If tracks within the remnant act as a conduit for invasion, 
control programs should prioritise these areas. Another approach could be to reduce the 
number of tracks within a remnant, particularly if the remnant is ecologically sensitive and/or 
relatively small in area. An alternative approach would be changing the spatial arrangement of 
a track network so as to minimise the impact it would have in the dispersal of propagules into 
the remnant. 
A more controversial measure would be continuation of controlled grazing in areas that are 
currently being fenced off and revegetated. Grazing is a very effective control measure for A. 
asparagoides as seen from the pasture quadrats and may be more feasible for some land 
managers than ongoing searching and chemical control of new seedlings.  
One of the project outcomes is that the previously accepted velocity of spread of A. 
asparagoides is an underestimate and may not give a true indication of the actual rate of 
dispersal for A. asparagoides. In a largely cleared and grazed landscape, spread of A. 
asparagoides by avian frugivore dispersal vectors along roadsides and wildlife corridors 
potentially has large effects on the rate at which remnant native vegetation patches are 
invaded. By connecting disparate habitats, seed dispersal and establishment in widely 
separated vegetation remnants are no longer dependent upon rare long distance dispersal 
events. Any strategy for the management of A. asparagoides invasion along corridors will 
need to use double the previously determined rate of dispersal in estimating where new 
satellite colonies could become established and then monitoring these areas to prevent 
establishment. 
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Finally this project highlighted the utility of GIS to visualise the temporal and spatial 
dynamics of the invasion process during the early stages. It was also effective in visualising 
new satellite colonies and regions with little or no A. asparagoides as a three dimensional 
surface. The association of A. asparagoides with the track network could be clearly seen 
when the tracks were overlaid onto the three dimensional surface. 
8.3 Summary of limitations of the study 
The finding presented in this thesis need to be considered in relation to the limitations 
inherent in the methods used and the analyses performed. One area of limitation is that of the 
data used. The available data is restricted to a single year and to a single weed species (A. 
asparagoides), although some temporal component could be reasonably assumed. The study 
areas for which the data was collected are relatively small in area. Ideally a number of 
different species and sites of varying sizes across a far greater range, i.e., in other parts of the 
state as well as other states in Australia, would have been useful in determining the general 
applicability of the trends observed in the two original sites. 
The study examined the dispersal of a bird-dispersed fleshy-fruited weed by focusing on the 
outcome of the bird dispersal through the spatial location of A. asparagoides. Other data 
relating to bird species in the study sites could have proved useful. This data could include the 
number of individual birds, the extent of their territory known roosting sites, gut passage 
times and flight speeds. 
The application of spatial statistic to analyse the spatial point pattern of A. asparagoides in the 
study sites could only be used to indicate trends in the data since the data used violated certain 
assumptions. A complete census of all spatial locations of A. asparagoides within the study 
sites was not made. The research was undertaken by collecting data at a single point in time 
early on in the invasion process. This implies that the process is dynamic in which the 
eventual distribution and density of A. asparagoides has not yet been reached. This non-
equilibrium stage of the invasion process further invalidates the assumption that the pattern 
under investigation is the result of a homogeneous Poisson point process. 
The generalised linear model (GLM) developed in this research may be limited to use with A. 
asparagoides and for the two sites ORR and VKR. It would be useful if the model could have 
been tested at a number of different sites using a variety of bird-dispersed weed species. Also, 
the environmental variables that were used in model development may not influence the 
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distribution of A. asparagoides in the study area. Generalised linear models tend to have poor 
predicability for sites other than the site from which they were developed. Even though the 
model is valid at a second independent site (VKR), this site is still located on Phillip Island. 
The non-equilibrium ecological process under investigation implies that the final distribution 
of A. asparagoides has not been reached. Since GLMs model the ecological or realised niche 
incorporating biotic interactions and stochastic effects, this model may perform poorly during 
later stages of the invasion process. 
8.4 Future directions for research 
An investigation into factors that would result in a lower false positive rate would be an 
important benefit in increasing the precision of the model developed in chapter six. This 
would have flow on effects with respect to management of A. asparagoides invasion. Far 
more effective use could be made of limited resources if the time spent searching locations 
where the weed is not present can be significantly reduced. 
Understanding the influence of different landscape elements on the spread of A. asparagoides 
should ultimately allow construction of a spatial model in which the implications of different 
land management options can be tested, thus allowing more informed decision making. 
In its current form the model developed in this project is specific to one weed, A. 
asparagoides and one location, Phillip Island. Further work could test the validity of the 
model at sites other than Phillip Island in order to determine if it is a general model for A. 
asparagoides invasion. A model of this type could then in principle be extended to any bird-
dispersed weed for which an adequate data set exist. The identification of A. scandens at 
eleven locations in Oswin Roberts Reserve represents an ideal opportunity to follow this new 
invasion and apply the model to a different bird-dispersed weed. 
Finally, the application of spatial statistics, particularly Ripleys K-function may provide a 
measure of dispersal distance and possibly a figure for velocity of spread. Dispersal distance 
and velocity of spread can provide an approximate indication of a weeds potential extent 
over a given length of time. This would be useful for new weed species where dispersal 
distance and velocity of spread are unknown, giving land managers some idea of where 
searches need to be conducted for potential satellite colonies. 
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Appendix 2 Asparagus scandens 
Asparagus scandens (Thunb.): An emerging invasive species 
During discussions with Phillip Island Landcare staff and local landowners, comments were 
made regarding the anecdotal association of A. asparagoides with another weed species, A. 
scandens (Thunb.). Asparagus scandens is a conspecific of A. asparagoides that also 
originated from southern Africa. Asparagus scandens was also introduced to Australia via the 
horticultural trade as a garden specimen. In common with A. asparagoides, A. scandens is a 
climbing perennial plant with fine fernlike tendrils, underground rhizomes with attached 
tubers and round fleshy fruit. Asparagus scandens is a bird-dispersed invasive species that has 
invaded forest remnants in New Zealand (Timmins and Reid 2000) and the Landcare group is 
aware of its presence on Phillip Island. This species has already invaded the north-east corner 
of the Ventnor Koala Reserve (approximately four kilometres west of ORR). It was decided to 
also record the presence of A. scandens during the field data collection. Figure A2-1 indicates 
the location of A. scandens within ORR and study site. 
 
Figure A2-1. Distribution of mean Asparagus scandens density. 
The most notable feature regarding the location of A. scandens is the close proximity of each 
occurrence to a track or path. The average distance from track is 21.6m with a minimum 
distance of 3.3m and a maximum distance of 60m. While this represents a very small sample 
it serves as further evidence for investigating the influence of tracks and paths on the spread 
of a frugivore dispersed invasive species into remnant vegetation. As only fourteen instances 
of A. scandens were recorded in ORR, it could be viewed as a snapshot of the beginning stage 
of invasion. 
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Appendix 3 Logistic regression 
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From the definition of a logistic regression (See section 5b.1.1): 
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